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JAPANESE  COMPANIES 
WILUNG  TO  RECEIVE 
U  S.  RESEARCHERS 

The  National  Science  Foundation 
(NSF)  sponsors  an  active  Japan  pro¬ 
gram  for  U.S.  scientists.  As  part  of  that 
program  they  have  prepared  a  direc¬ 
tory  of  approximately  150  Japanese 
companies  that  have  said  they  are  will¬ 
ing  to  receive  American  researchers  at 
their  laboratories.  The  list  was  com¬ 
piled  by  mailing  questionnaires  to  553 
companies  with  more  than  30 
researchers  listed  in  the  All  Japan 
Research  Institutes  Directory.  Of  these, 
284  companies  responded  and  154 
provided  positive  responses.  NSFs 
directory  lists  each  company  as  well  as 
specific  information  about  its  activi¬ 
ties,  personnel,  facilities,  and  the  type 
of  research  the  company  is  interested 
in  supporting.  Names  and  addresses  of 
contacts  are  also  given  for  each.  This 
directory,  as  well  as  other  information, 
can  be  obtained  from  the  NSF  at: 

Japan  Programs 

Division  of  International  Programs 

National  Science  Foundation 

Washington,  DC  20550 


or  by  fax  at  (202)  357-5839. -Dov/J  K. 
Kahaner,  ONRASIA 

«  «  «  « 


SYMPLECTIC  INTEGRATION 
COMMENTS 

Editor’s  Note:  David  Kahaner  has 
been  receiving  interesting  responses  to 
his  electronically  distributed  report  on 
scientific  activities  in  China  (see 
page  17).  A  relevant  one,  by  James  C. 
Scovel  (address  below),  deals  with 
“sympleclic  integration”  research  by 
Feng  Kang  of  the  Chine.se  Academy  of 
Sciences. 

James  C.  Scovel 

C-3,  Los  Alamos  National 
Laboratory 

Los  Alamos,  NM  87545 

Email:  jcs@c3serve.c3.Janl.gov 

Scovel’s  comments  about  the  history  of 
symplectic  integration  are  as  follows. 

In  1983  both  Ruth  and  Channcll 
did  different  types  of  symplectic  algo¬ 
rithms.  Ruth’s  was  published  in  an 
IEEE  journal  while  Channell’s  was  in 
a  Los  Alamos  internal  report.  Feng 
Kang  published  on  this  subject  in  1986 
but  did  little  implementation.  He  should 
be  credited  with  being  the  first  to  set 
out  a  systematic  course  of  study  or 
approach.  He  and  his  collaborators  were 
also  the  first  to  deal  with  the  preservation 
of  first  integrals  of  the  motion.  Feng’s 
student  Ge  Zhong,  who  is  now  in  the 
United  States,  has  done  very  excellent 
work  of  this  sort. 

Research  on  numerical  methods  for 
Hamiltonian  systems  is  active,  for  exam¬ 
ple,  see  “Symplectic  Integration  of 
Hamiltonian  Systems,”  Nonlinearity  3, 
231-259  (1990),  by  Channell  and  Scovel. 


These  sort  of  algorithms  should  be  very 
important  for  satellite  stability  and 
control,  underwater  acoustics,  and  any 
Hamiltonian  systems  of  interest.  Please 
note  that  it  is  correct  that  they  do  very 
well  in  the  long  run,  but  even  in  the 
short  run  they  usually  do  better  since 
the  bifurcation  scenarios  are  different 
in  the  symplectic  category  than  the 
general. 

In  addition  to  classical  Hamiltonian 
systems  there  are  Poisson  Hamiltonian 
systems,  which  are  Hamiltonian  with 
respect  to  a  Poisson  bracket  that  do  not 
come  from  a  symplectic  structure. 
Examples  are  the  Euler  equation  for  a 
rigid  body,  the  Euler  equation  for  incom¬ 
pressible  fluids,  the  compressible  fluid 
equations,  the  Vlasov-Poisson  and 
Maxwell-VIasov  equation  of  plasma 
physics,  and  many  more.  For  these  the 
symplectic  integrators  are  more  com¬ 
plicated  but  can  be  done.  See  “Inte¬ 
grators  for  Lie-Poisson  Dynamical 
Systems,”  Physica  D  50,  80-88  (1991), 
by  Channell  and  Scovel. 

Now  this  last  paper  only  addresses 
the  finite  dimensional  problem  and 
we  are  in  the  process  of  completing  a 
large  work  titled  “Numerical  Integration 
of  Finite  Dimensional  Lie-Poisson 
Approximations  to  Vlasov-Poisson 
Equations”  by  Channell,  Scovel,  and 
Weinstein.  The  numerical  results  arc 
very  gptx?.  In  fact,  this  whole  work  should 
extend  lirectly  the  fluid  equations 
mentioFied  above.  To  be  honest,  it  is 
only  a  matter  of  time  before  these  tech¬ 
niques  will  be  standaid.-i/omes  C.  Scovel, 
Los  Alamos  National  Laboratory 
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THE  NEW  MINISTRY  OF 
INTERNATIONAL  TRADE 
AND  INDUSTRY  (MITI) 
MICROMACHINE 
TECHNOLOGY  PROGRAM 

titroduction 

In  FY1991,  MITI  proposed  a  new 
10-year  project,  Micromachine  Tech¬ 
nology,  to  establish  the  technologies 
necessary  for  the  realization  of  micro¬ 
machines  for  (1)  medical  devices  of  a 
few  hundred  micrometers  diameter 
capable  of  diagnoses  and  treatments  in 
human  organs  without  injuring  the 
human  body,  and  (2)  moving  micro¬ 
robots  for  inspections  and  repairs  in 
complicated  mechanical  systems  such 
as  pipes  in  power  plants  or  aircraft 
engines  without  disassembly  or 
destruction  of  the  total  systems. 

The  Micromachine  Technology 
project  will  be  conducted  by  the  New 
Energy  and  Industrial  Technology 
Development  Organization  (NEDO) 
under  the  authority  of  the  Agency  of 
Industrial  Science  and  Technology 
(AIST)  like  other  research  and  devel¬ 
opment  (R&D)  projects.  A  schedule 
for  this  project  has  not  yet  formally 
been  decided. 

Micromachine  Technology 

Micromachines  are  microscopic 
machines  or  instruments  with  advanced 
functions  that  can  perform  minute  tasks 
or  work  in  extremely  narrow  spaces. 
Their  microscopic  size  permits  them  to 
have  a  wide  variety  of  applications, 
including  in  medicine,  biotechnology, 
and  industry. 

Recently,  the  frontiers  of  this  field 
have  been  rapidly  opened  up  by  silicon 
(Si)  micromachining  technology,  in 
which  micrometerorder  mechanical 
structures  are  formed  on  Si  wafers. 
This  technology  emerged  out  of  etching, 
deposition,  and  other  lithographic  tech¬ 
niques  for  microprocessing  silicon  that 


were  developed  in  the  1970s  and  enabled 
the  production  of  cantilevers,  dia¬ 
phragms,  and  other  simple  mechanical 
components.  These  products  are  now 
used  widely  as  pressure  sensors  or  are 
beginning  to  be  commercialized  as 
acceleration  sensors  and  flow  sensors. 
Moreover,  recent  advances  in  semicon¬ 
ductor  microprocessing  and  ultrapre¬ 
cision  processing  technology  have 
allowed  mechanical  parts  to  be  created 
far  smaller  than  anything  previously 
developed. 

Research  into  micromachine  tech¬ 
nology,  however,  has  only  recently  gotten 
underway  and  many  technological  bar¬ 
riers  need  to  be  overcome  before  such 
machines  can  be  developed,  including 
those  related  to  friction,  durability, 
strength,  materials,  and  power  sources 
and  supplies.  There  are  a  number  of 
other  technologies  that  must  also  be 
developed,  including  ways  to  design, 
process,  assemble,  and  control 
micromachines. 

Since  research  into  micromachines 
has  only  just  begun,  the  purpose  of  this 
project  is  to  develop  basic  technolo¬ 
gies  required  to  create  micromachines 
for  various  applications  that  we  are 
now  able  to  envision. 

Micromachines  Today 

There  are  currently  two  approaches 
to  developing  micromachines:  (1)  tech¬ 
nology  in  the  field  of  mechanical  engi¬ 
neering  that  makes  existing  mechanisms 
even  smaller  and  (2)  micro  electro 
mechanical  systems  (MEMS)  technol¬ 
ogy,  which  makes  use  of  integrated  circuit 
(IC)  production  technology.  Many 
researchers  have  proposed  or  built 
prototypes  of  various  microactuators 
and  microstructures  that  could  serve  as 
the  component  technologies  for  micro¬ 
machines.  Some  examples  of  these  are 
discussed  below. 

In  the  United  States,  schools  like 
the  University  of  California-Berkeley, 
the  Massachusetts  Institute  of 


Technology  (MIT),  Stanford,  the  Uni¬ 
versity  of  Wisconsin-Madison,  and  the 
University  of  Michigan  are  research¬ 
ing  surface  micromachining  technology 
and  LIGA  (lithografie,  galvanoformung, 
abformung)  process  technology  in  their 
silicon  process  research  centers  and 
LIGA  process  research  centers. 

Researchers  at  Berkeley  have  created 
a  120-n\«m-diameter  electrostatic  motor 
and  verified  that  it  does  rotate.  They 
are  also  able  to  measure  friction  coeffi¬ 
cients,  one  of  the  most  difficult  prob¬ 
lems  in  micromachine  technology,  using 
a  micro  electrostatic  linear  actuator. 
At  MIT,  researchers  have  produced  a 
lOO-m/tm-diameter  polysilicon  micro¬ 
motor  and  analyzed  its  movement. 
The  motor  was  created  using  the  same 
process  as  for  ICs.  Rotation  of 
15,000  rpm  was  obtained.  At  Wisconsin- 
Madison,  three-dimensional  structures 
containing  gears  with  an  inside  diam¬ 
eter  of  55  iTVtm  have  been  created. 

The  National  Science  Foundation 
(NSF)  supports  these  efforts.  In  1988, 
its  micromachine  research  budget  was 
distributed  among  8  universities,  and 
in  1989  funding  was  provided  to  11 
universities. 

There  are  also  several  micro¬ 
machining  facilities  in  Europe, 
including  Germany’s  Fraunhofer- 
Institut,  Techische  Universitat  Berlin, 
Kernforschungszentrum  Karlsruhe 
Institut  fur  Mikrostrukturctechnik,  and 
the  Netherlands  University  of  Twente. 
Research  concentrates  mostly  on  sen¬ 
sors.  The  Fraunhofer  Institut  fur 
Mikrostrukturetechnik  has  produced 
prototypes  of  a  vibration  sensor  with 
32  cantilever-type  mechanical  resona¬ 
tors  and  a  1.5-  by  1.25-mm  cantilever- 
type  thermal  bimorph  microactuator. 

These  facilities  receive  subsidies  both 
from  the  European  Community  (EC) 
and  from  their  respective  countries. 

In  Japan,  numerous  creative  studies 
related  to  micromachine  technology 
have  been  made,  e.g.,  prototypes  of  a 
micro  Stirling  engine  with  high  thermal 
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efficiency  as  a  microactuator  at  the 
University  of  Tokyo;  a  microvalve 
using  silicon  at  Tohoku  University;  and 
a  500-  by  500-nm  active  integrated  opti¬ 
cal  microencoder,  which  has  a  resolu¬ 
tion  of  0.01  nv<m,  at  NTT  Applied 
Electronics  Laboratories. 

In  addition  to  the  above,  research  at 
many  universities,  national  research 
institutes,  and  private  companies  is 
producing  prototypes  of  electrostatic 
linear  actuators,  micropressure  sensors, 
micro  ion-sensitive  field  effect  transis¬ 
tor  (ISFET)  sensors,  micromanipula¬ 
tors  using  piezoelectric-impact  drive 
systems,  microactive  catheters  using 
shape  memory  alloy  (SMA),  etc. 

These  technologies,  which  mainly 
use  semiconductor  production  tech¬ 
niques,  represent  only  a  small  part  of 
micromachine  production  technology. 
Research  in  this  field  is  still  in  its  infancy, 
and  many  problems  remain  to  be  solved. 
Some  of  the  hurdles  to  be  overcome 
include  developing  production  and 
process  technologies  that  are  geared 
specifically  towards  micromachines  and 
solving  questions  related  to  friction, 
durability,  strength,  materials,  power 
supplies,  and  control. 

Application  of  the  Results 
(Examples) 

Micromachine  technology  will  have 
a  wide  variety  of  applications.  The  main 
focus  of  this  project  will  therefore  be 
on  common  component  technologies 
which,  once  developed,  will  probably 
result  eventually  in  applications  like 
the  following. 

Industrial  Micromachines.  Indus¬ 
try  is  faced  with  the  need  to  boost 
reliability  and  reduce  maintenance  costs 
for  increasingly  advanced  and  complex 
mechanical  systems  and  equipment 
(power  plants  and  airplane  engines  are 
two  good  examples).  There  is  a  tre¬ 
mendous  need  for  technology  that 


makes  it  possible  to  perform  inspec¬ 
tions  and  repairs  in  extremely  tight  spaces 
without  having  to  dismantle  the  entire 
system  or  equipment  in  question,  such 
as  plant  pipe  systems  and  airplane 
engines. 

Industrial  micromachines  will  ena¬ 
ble  inspection  and  repair  without  requir¬ 
ing  that  plant  equipment  be  dismantled. 
This  will  make  it  possible  to  perform 
early  inspection  and  repair  to  mini¬ 
mize  the  extent  of  damage.  Significant 
improvements  in  capacity  utilization 
and  maintenance  costs  can  therefore 
be  expected  for  electric  power  plants 
and  other  facilities. 

While  this  technology  is  under 
development,  if  robots  can  be  devel¬ 
oped  tha>  are  ab’e  to  remain  inside 
various  equipment  or  mechanical  sys¬ 
tems  and  monitor  and  repair  them, 
maintenance  work  could  be  performed 
without  having  to  shut  down  and  dis¬ 
mantle  complex  machinery. 

Medical  Micromachines.  The  pain 
experienced  during  diagnosis  and  treat¬ 
ment  is  not  sufficiently  alleviated  dur¬ 
ing  today’s  medical  procedures.  As  the 
population  grows  older  there  will  be  a 
strong  demand  for  advanced  medical 
equipment  able  to  lessen  the  physical 
and  mental  stress  inflicted  on  patients. 

Micromachines  will  make  it  possi¬ 
ble  to  create  new  medical  equipment 
capable  of  performing  diagnosis  and 
treatment  simply,  accurately,  and  with 
less  need  for  surgery.  They  will  also 
contribute  to  the  advancement  of  micro¬ 
surgery  techniques  (eye  surgery,  suture 
of  microscopic  blood  vessels,  etc.)  and 
the  development  of  artificial  organs  to 
be  placed  inside  the  body. 

In  biotechnology,  micromachines 
will  be  applied  in  cellular  manipula¬ 
tion  such  as  well  separation,  injections 
into  cells,  and  cell  fusion. 


Description  of  This  Research 
and  Development 

Though  micromachines  are  small, 
they  are  complex  systems  with  advanced 
functions.  Some  of  the  areas  that  need 
to  be  researched  include;  (1)  the  basic 
theories  which  underpin  (a)  miniatur¬ 
ization  methods,  (b)  structural  analy¬ 
sis,  (c)  materials,  and  (d)  component 
technologies  like  microscopic  process¬ 
ing  and  assembly;  (2)  techniques  for 
producing  microscopic  sensors  and 
control  circuits;  and  (3)  the  system 
technology  required  to  perform  micro¬ 
scopic  motion  and  operation.  Given 
the  above,  it  is  necessary  for  industry, 
academia,  and  government  to  under¬ 
take  R&D  in  cooperation.  In  as  much 
as  micromachine  technology  is  a  revo¬ 
lutionary  new  area  that  has  attracted 
much  interest  around  the  world,  some 
thought  should  be  given  to  interna¬ 
tional  cooperation  in  these  research 
and  development  efforts. 

The  following  are  some  of  the  main 
research  and  development  topics  envi¬ 
sioned  for  micromachine  technology. 

(1)  Microscopic  Mechanical  Device 
Technology.  R&D  on  structures, 
materials,  machining  techniques, 
integration  techniques,  and  power 
supplies  for  microscopic  mecha¬ 
nisms  and  functional  components 
required  for  micromachines;  devel¬ 
opment  of  technology  to  enable 
the  production  of  various  mechan¬ 
ical  devices. 

(2)  Microscopic  Sensors,  Control 
Circuits,  and  Other  Techniques 
for  Miniaturized  Electronic 
Devices.  R&D  in  the  technologies 
needed  to  produce  extremely  minia¬ 
turized  electronic  devices  such  as 
microscopic  sensors  and  control 
circuits  used  in  micromachines. 
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(3)  Control  and  Operation  Technolo¬ 
gies.  R&D  in  motion  control  and 
operation  technologies  for  micro¬ 
scopic  mechanisms. 

(4)  Measurement  and  Evaluation 
Technologies.  Basic  research  into 
measurement  methods,  evaluation 
methods,  and  miaoscopic  measure¬ 
ment  technology  as  they  relate  to 
various  component  devices. 

(5)  Support  Technologies.  Basic 
research  into  support  technologies 
for  each  of  the  above.  Areas  include 
lubrication  techniques  for  micro¬ 
scopic  parts,  theoretical  simula¬ 
tion,  and  computer-aided  design/ 
manufacture  (CAD/CAM). 

(6)  System  Integration  Technologies. 
In  addition  to  making  advances  in 
component  technologies,  R&D  on 
system  integration  technologies  will 
be  one  of  the  main  R&D  topics. 

For  more  information,  contact 

Mr.  Motohide  Konaka 
Mr.  Ryuiaro  Macda 
Mr.  Shoji  Watanabe 
National  Research  and  Development 
Program 

Agency  of  Industrial  Science  and 
Technology 
MITI 

1-3-1  Kasumigaseki 
Chiyoda-ku,  Tokyo  100 
Tel:  -t- 81 -03-3501 -9229 
Fax:  +81-03-3501-9222 

-David  K  Kahaner,  ONRASIA 

INTERNATIONAL  CONGRESS 
ON  ANALYTICAL 
SCIENCES  1991 

One  of  the  most  broadly  and  widely 
used  disciplines  among  the  sciences  is 
analytical  chemistry.  It  plays  a  vital 


role  in  fields  ranging  from  electronic 
material  processing  to  chemical  pro¬ 
duction  to  biosciuices.  The  wide  applica¬ 
bility  of  analytical  chemistry  was  very 
much  in  evidence  at  the  International 
Congress  on  Analytical  Sciences  1991 
(ICAS’91 ),  which  was  sponsored  by  the 
International  Union  of  Pure  and  Applied 
Chemistry  (lUPAC)  and  organized  by 
the  Science  Council  of  Japan  and  the 
Japan  Society  for  Analytical  Chemis¬ 
try  (JSAC).  Tlie  conference  chairper¬ 
son,  vice  chairperson,  and  general 
secretary  were,  respectively.  Professors 
Eiji  Niki,  Keiichiro  Fuwa,  and 
Yohichi  Gohshi,  all  of  Tokyo  University. 
The  term  “Analytical  Science”  was  used 
in  the  title  instead  of  Analytical  Chem¬ 
istry  to  emphasize  the  broad  nature  of 
this  discipline.  This  meeting  was  held 
on  25-31  August  1991,  in  part,  in  com¬ 
memoration  of  the  40th  anniversary  of 
the  founding  of  the  JSAC.  The  venue 
was  the  new  (and  very  large)  Nippon 
Convention  Center  at  Makuhari-Messe 
on  the  northern  edge  of  Tokyo  Bay 
about  25  miles  east  of  Tokyo.  TTiis  is 
one  of  many  such  centers  that  have 
recently  been  built  in  various  locations 
lu  Japan. 

There  were  approximately  1,100 
attendees  from  28  nations.  Among  these 
only  about  20  were  from  the  United 
States  which,  in  my  view,  was  a  disap¬ 
pointingly  small  number.  The  meeting 
was  divided  into  eight  separate  sessions 
plus  two  poster  sessions.  They  were: 

•  Separation  sciences 

•  Chemical  speciation  and  charac- 
tcriz.ation 

•  New  principles,  reactions,  and 
techniques 

•  Chcmometrics  and  robotics 

•  Biochcmical/biomcdical 

•  Environmental 


•  High  tech  materials 

•  Miscellaneous 

In  addition,  the  following  special  sym¬ 
posia  were  held: 

•  Asianalysis 

•  New  frontiers  of  electroanalytical 
chemistry 

•  Laser  analytical  spectroscopy 

•  Bio-  and  chemiluminescence:  appli¬ 
cation  to  analytical  chemistry 

•  Recent  advances  in  chromatography 
and  electrophoresis 

•  Safety  control  and  risk  management 

•  Analytical  sciences  of  high  polymers 

And  finally,  five  special  lectures  were 
presented  by  invited  speakers  at  two 
plenary  sessions: 

•  Professor  Richard  R.  Ernst, 
Eidgcnussische  Technische 
Hochschule,  Zurich 

•  Professor  Gabor  A.  Somorjai,  Uni¬ 
versity  of  California,  Berkeley 

•  Professor  Emeritus  Keiiehito  Fuv,a, 
Tokyo  Liniversity 

•  Dr.  H.  Rohrer,  IBM,  Zurich 

•  Dr.  Lloyd  A.  Currie,  National  Insti¬ 
tute  of  Standards  and  Technology, 
Gaithersburg,  MD 

I  primarily  attended  the  environmen¬ 
tal  sessions.  Here  the  papers  were  about 
evenly  divided  among  those  concerned 
with  water  analysis  and  those  for  solid 
and  gas  samples.  Several  papers  con¬ 
cerning  organotin  analysis  were 
presented  by  the  Japanese,  which  I  found 
interesting  because  10  years  ago  I 
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could  Hnd  almost  no  work  going  on  in 
this  area  in  Japan  even  though  the  field 
was  very  active  in  the  United  States 
and  Europe.  As  with  all  meetings  of 
this  type,  the  most  important  aspect 
was  that  it  provided  an  excellent 
opportunity  for  scientists  to  meet  each 
other  and  discuss  matters  of  mutual 
interest  on  a  one-to-one  basis.- 
SachioYamamoto,  ONRASLA 

«  ♦ 

SECOND  NTT 
SCIENCE  FORUM 

Nippon  Telegraph  and  Telephone 
Corporation  (NTT)  is  the  Ma  Bell  of 
Japan  and  is  the  major  player  in  Japan’s 
telecommunications  industry.  Until 
April  1985  it  was  a  public  (govern¬ 
ment)  corporation  solely  responsible 
for  the  industry.  However,  like  AT&T 
earlier,  it  was  privatized  in  1985  allowing 
competitors  to  enter  the  field. 
Nevertheless,  it  remains  the  largest  of 
the  companies  that  operate  Japan’s 
telecommunications  network,  the  large 
size  of  which  is  evidenced  by  the  fact 
that,  with  the  exception  of  the  United 
States,  Japan  has  more  telephones  than 
any  other  nation  in  the  world.  As  part 
of  its  effort  to  raise  and  enhance  its 
image  as  a  leader  in  science  and  tech¬ 
nology,  NTT  in  1990  initiated  a  science 
forum  program  in  which  distinguished 
scientists  in  a  particular  field  arc  invited 
to  present  lectures  and  discuss  their 
work.  The  second  of  these  forums  was 
held  on  10  April  1991  and  its  theme 
was  “Marine  Biotechnology  -  Ocean  as 
a  Source  of  Life.’’  Two  speakers  from 
the  United  States,  Professor  Andrew 
A.  Benson  of  the  Scripps  Institution  of 
Oceanography  and  Professor  Harlyn 
O.  Halvorson  of  the  Woods  Hole 
Oceanographic  Institution,  were  the 
invited  lecturers.  The  formal  lectures 
were  followed  by  a  panel  discussion 
with  Benson  and  Halvorson,  who  were 


joined  by  Professor  Shigetoh  Miyachi, 
executive  managing  director  of  the 
Marine  Biotechnology  Institute  (MBl), 
and  Professor  Isao  Karubc  of  Tokyo 
University.  The  moderator  was  Mr. 
Akio  Etori,  the  executive  director  and 
editor  of  Mita  Press.  Before  the 
discussions  began.  Professors  Miyachi 
and  Karubc  gave  brief  presentations  of 
their  work. 

Professors  Benson  and  Halvorson 
each  reviewed  past  work  in  the  field  of 
marine  biotechnology  and  discussed 
contributions  that  can  be  expected. 
Benson  reviewed  the  field  in  terms  of 
marine  products,  health,  and  environ¬ 
ment.  Among  the  topics  he  discussed 
were  the  Man/anar  Project  to  develop 
mariculturc  in  the  Red  Sea,  regulation 
of  calcium  by  calcitonin  from  salmon, 
and  the  ability  of  some  marine  organ¬ 
isms  to  detoxify  arsenic  by  synthesis  of 
nontoxic  arsenic  compounds.  The  work 
at  Woods  Hole  was  the  subject  of 
Halvorson’s  presentation  and  included 
a  discussion  of  novel  resistance  mech¬ 
anisms  to  infectious  diseases  displayed 
by  some  marine  organisms  and  the  novel 
processes  employed  by  certain  marine 
bacteria  (archcbactcria)  to  withstand 
extreme  environments. 

Professor  Miyachi  described  MBl, 
which  was  established  last  year  in  two 
locations,  Shizuoka  and  Kamaishi.  The 
institute  is  financed  by  government 
(Ministry  of  International  Trade  and 
Industry)  and  industry.  Currently  24 
companies  provide  funds  and  two-thirds 
of  the  researchers.  Biodegradation  of 
oil,  bio-antifouling  agents,  and  CO, 
extraction  with  marine  algae  are  some 
of  their  projects.  Professor  Karube 
discussed  studies  related  to  the  prob¬ 
lem  of  global  warming;  among  them 
were  solar  biorcactor  experiments  in 
Okinawa  and  CO,  removal  with  coral. 

Although  the  lectures  presented  “big 
picture”  overviews  rather  than  detailed 
discussions  of  specific  research  pro¬ 
grams,  the  forum  provided  a  good 


medium  for  people  working  in  the  field 
to  get  together.-5^Jc/i/o  Yamamoto. 
ONRASIA 

«  ♦  ♦  *  * 

“NEW  MATERIALS: 
FOUNTAINHEAD  FOR 
NEW  TECHNOLOGIES 
AND  NEW  SCIENCE” 

The  second  of  the  International 
Science  Lecture  (ISL)  Series  was  initi¬ 
ated  in  Tokyo  on  15  October  1991  and 
featured  Rustum  Roy,  Evan  Pugh 
Professor  of  the  Solid  State  and  Profes¬ 
sor  of  Geochemistry  of  Pennsylvania 
State  University,  who  spoke  on  “New 
Materials:  Fountainhead  for  New  Tech¬ 
nologies  and  New  Science.” 

The  ISL  Scries  was  established  in 
1990  by  the  National  Academy  of  Sci¬ 
ences  in  response  to  a  request  from  the 
Chief  of  Naval  Research.  The  purpose 
of  the  scries  is  to  encourage  the  exchange 
of  information  among  scientists  in  the 
United  States  and  abroad,  with  the 
objective  of  establishing  better  lines  of 
communication  and  improving  our 
ability  to  assess  the  status  of  science 
efforts  in  other  countries.  At  each  site, 
a  lecture  by  a  distinguished  U.S.  scien¬ 
tist  is  followed  by  a  roundtable  discus¬ 
sion  of  problems  of  mutual  interest. 
Each  lecture  is  released  as  a  report 
with  excerpts  from  the  roundtable  dis- 
cussjoas.  Topics  for  lectures  arc  chc.*:!^ 
from  areas  of  interest  to  the  Office  of 
Naval  Research  (ONR).  The  initial 
list  of  topics  includes  oceanography, 
materials  research,  and  information 
science. 

Professor  Roy’s  lecture  focused  on 
ceramics  research,  an  area  where 
Japanese  science  is  parlicularlystrong. 
Roy’s  approach  to  science  is  “market 
oriented.”  TTic  most  promising  oppor¬ 
tunities  lie  in  the  use  of  science  rather 
than  the  creation  of  new  science.  TTic 
demand  for  new  technology  can  serve 
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as  the  “glue”  that  brings  together  the 
extension  of  know'sUge  through  basic 
research  and  development  of  new  prod¬ 
ucts  in  a  co*i'  urrent  process.  Particular 
areas  identified  for  future  growth  were 

( 1 )  use  of  ceramics  in  optoelectronics, 

(2)  thin  films  and  fibers,  and 

(3)  "nanoscale”  composite  design 
concepts. 

About  100  attendants  came  to  hear 
the  lecture.  They  consisted  of  leading 
materials  scientists  from  Japanese 
industry  and  universities.  The  audi¬ 
ence  was  strongly  engaged  by  the  lecture, 
which  was  followed  by  a  lively  discus¬ 
sion.  There  were  also  several  U.S.  sci¬ 
entists  in  the  audience,  and  they 
appeared  to  help  to  catalyze  the  dis¬ 
cussion.  Active  discussions  continued 
in  the  post-lecture  reception,  and  it 
was  apparent  that  the  lecture  had  been 
very  stimulating  to  the  audience. 
Japanese  scientists  appeared  to  want 
to  identify  technology  areas  that  are  of 
particular  interest  in  the  United  States. 

The  lecture  and  reccp'ion  were  held 
in  the  U.S.  Embassy  in  Tokyo. 
Ambassador  Armaawt  personally  gave 
a  warm  welcome  to  the  audience.  He 
described  the  Intcrnativ^nal  Science 


Lecture  Series  and  the  role  of  the 
National  Academy  of  Sciences  and  the 
Office  of  Naval  Research.  The  setting 
and  the  warm  welcome  helped  to  set 
the  tone  of  openness  and  frankness  for 
the  event.  Participation  of  the  highest 
officials  of  the  U.S.  Embassy  and  the 
prestige  of  the  U.S.  National  Academy 
of  Sciences  both  greatly  elevated  the 
significance  of  the  lecture  for  the 
Japanese  participants.  The  style  of  the 
lecture  was  frank,  open,  and  direct. 
Trends  in  the  status  of  research  and 
development  efforts  in  ceramics  in 
various  countries  were  identified,  and 
the  lecturer  pointed  out  the  rapid  growth 
of  Japanese  science  in  ceramics.  The 
Japanese  now  play  the  leading  role  in 
the  world  in  this  area,  and  that  fact  was 
documented  and  freely  acknowledged. 
All  these  factors  contributed  to  unu¬ 
sually  forthcoming  participation  by  the 
Japanese  scientists  in  the  discussion. 

The  lecture  and  reception  were  fol¬ 
lowed  by  a  roundtable  discussion  at  a 
dinner  meeting  with  a  small  number  of 
very  high  level  Japanese  managers.  The 
atmosphere  of  opcnnc.ss  and  free 
exchange  of  views  continued.  Clearly 


the  lecture  had  been  stimulating  and 
had  succeeded  in  creating  the  feeling 
that  there  would  be  an  opportunity  for 
accomplishingsomething.  The  partici¬ 
pation  of  senior  and  greatly  respected 
Japanese  scientists  also  lent  a  feeling 
of  importance  to  the  dinner  meeting. 
There  was  a  strong  consensus  that  the 
dinner  discussion  was  successful  and 
mutually  beneficial  and  should  there¬ 
fore  be  a>ntinued  through  some  appro¬ 
priate  mechanism.  Followup  activities 
were  agreed  on  to  be  recommended 
for  further  consideration. 

From  this  program  we  can  conclude 
that  there  is  a  major  opportunity  for 
cooperation.  The  roundtable  discus¬ 
sion  has  opened  the  door  for  further 
discussion  and  action  with  an  influen¬ 
tial  and  highly  placed  group  of  Japanese 
scientists  and  industrialists.  With  the 
right  preparation  and  attention  to  key 
factors  leading  to  successful  exchanges, 
it  is  possible  to  have  highly  effective, 
open,  and  frank  discussions  on  matters 
of  mutual  concern  with  the  Japanese.- 
Donald  C.  Shapero,  National  Academy 
of  Sciences:  Robert  C.  Pohanka,  ONR; 
and  Sachio  Yamamoto,  ONRASIA 

«  *  «  «  t 
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COMPUTING  IN  HONG  KONG 


Computing  activities  in  Hong  Kong  are  described. 

by  David  K.  Kahancr 


INTRODUCTION  AND 
SUMMARY 

China  (including Taiwan  and  Hong 
Kong)  has  almost  1.3  billion  people,  5 
to  6  times  the  population  of  the  United 
States,  and  more  than  10  times  the 
population  of  Japan. 

Both  Taiwan  and  mainland  China 
eonsidcr  themselves  part  of  one  country, 
although  there  is  a  small  difference  of 
opinion  as  to  who  is  in  charge.  We 
presented  a  report  on  computing  in 
Taiwan  in  an  earlier  issue  of  the  Scientific 
Information  Bulletin  (see  “Computing 
in  Taiwan,’’  16(2).  23-29  (199I)J,  and 
on  page  17  of  this  issue  is  an  article 
discussing  mainland  China  explicitly. 
This  report  is  limited  to  Hong  Kong. 

Comprising  over  200  small  islands 
and  a  section  of  ttie  Chinese  mainland, 
Hong  Kong  has  been  under  British 
control  for  149  years.  Hong  Kong 
Island  is  the  best  known  of  these  islands 
and  the  location  of  a  spectacular  array 
of  large,  modem  skyscrapers,  dominated 
by  the  Bank  of  China  Building,  and 
Victoria  Peak,  the  latter  the  location  of 
former  British  summer  residences.  The 
adjacent  mainland  portion  (Kowloon) 
is  another  tourist  center,  packed  with 
hotels  and  shops. 

Hong  Kong  will  revert  to  China  in 
1997.  At  the  moment  It  is  officially 
under  British  control.  There  are  the 
expected  disputes  between  Britain  and 
China  about  how  much  money  should 
be  left  in  Hong  Kong’s  treasury,  who 
should  make  decisions  concerning 
contracts  that  overlap  1997,  etc.  Plans 
to  construct  a  new  multibillion  dollar 
international  airport  were  the  focus  of 


this  controversy  while  I  was  there,  with 
China,  Britain,  and  Hong  Kong  all 
claiming  they  had  the  right  to  have 
final  say.  Among  Hong  Kong’s  popula¬ 
tion,  there  are  differing  points  of  view 
on  this  transition.  Most  of  ‘he  profes¬ 
sionals  are  apprehensive  because  of 
the  uncertainty,  while  some  feel  that 
ultimately  it  will  be  a  good  thing  to  be 
united.  But  many  industrial  firms  are 
packing  up  and  moving,  and  there  has 
also  been  a  well  publicized  exodus  of 
Hong  Kong  citizens  to  Canada  and  other 
hospitable  countries.  Other  people  are 
hedging  their  bets  and  attempting  to 
obtain  foreign  passports  with  the  hope 
that  they  won’t  be  foreed  to  use  them. 
One  Hong  Kong  scientist  asked  me  if  I 
knew  how  he  could  get  a  British  pass¬ 
port  (I  didn’t).  Britain  has  set  up  a 
quota  system  for  a  limited  number  of 
British  passports  depending  on  age, 
education,  and  vocation  of  the  appli¬ 
cants.  Apparently  there  is  an  excess  of 
some  scientists  and  engineers  who 
have  applied,  and  not  enough  managers. 
I  was  told  a  story  about  2,000  well-to- 
do  (and  shrewd)  Hong  Kong  citizens 
who  purchased  East  German  passports 
shortly  before  Germany  was  reunited. 
The  general  feeling  was  very  well 
expressed  by  one  scientist,  who  put  it 
this  way,  “we  arc  hoping  for  the  best 
and  preparing  for  the  worst”  The  nearby 
Portuguese-run  peninsula  of  Macau, 
and  two  outlying  islands  that  arc  pa.  t 
of  the  Macau  colony,  will  revert  to 
Chinese  control  in  1999,  2  years  after 
Hong  Kong. 

Computing  and  related  research  in 
Hong  Kong  is  fragmented,  with  indi¬ 
vidual  universities  going  their  own  way. 


laissez  faire  is  a  good  way  to  describe 
the  state.  This  might  equally  apply  to 
other  aspects  of  activities  within  Hong 
Kong,  which  appears  to  be  the  ultimate 
“free  market.”  There  is  a  great  deal  of 
creative  energy,  especially  at  the  Uni¬ 
versity  of  Hong  Kong,  but  I  had  very 
little  sense  that  there  were  any  coordi¬ 
nated  programs  among  the  universi¬ 
ties.  This  assessment  is  tentative,  how¬ 
ever,  as  I  had  no  opportunity  to  speak 
to  government  officials  who  might  be 
promoting  such  things.  Also,  the  situa¬ 
tion  might  change  as  Hong  Kong’s  new 
Science  and  Technology  University 
begins  operation;  the  government  has 
identified  information  technology  as  a 
key  area  on  which  this  university  should 
focus.  Nevertheless,  the  computing 
world  here  is  quite  different  from,  say, 
Singapore  (see  my  previous  article, 
“Computing  and  Related  Scientific 
Activities  in  Singapore,”  Scientific 
Information  Bulletin  1^3),  53-63  (1991)], 
in  which  coordination  is  dramatically 
apparent.  About  3  years  ago  a  study 
was  commissioned  to  determine  if  the 
Hong  Kong  Government  could  justify 
the  purchase  of  a  supercomputer  for 
use  at  the  universities  and  other  public 
facilities.  That  study  concluded  that 
such  a  purchase  was  not  justified  at  the 
time,  although  perhaps  there  was  also 
some  concern  about  where  this  machine 
would  ultimately  end  up.  The  study 
went  furtherand  .suggested  that asmall 
super  would  be  a  good  option  (I  felt  the 
same).  The  Hong  Kong  Government 
decided  not  to  pursue  this. 

There  are  seven  main  college/ 
universities  in  Hong  Kong,  and  they 
come  under  the  University  and 
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Polytechnic  Grants  Committee 
(UPGC).  This  is  a  British  setup  to  ensure 
academic  freedom  from  government 
influence.  Similar  committees  are  found 
in  Britain  and  New  Zealand.  The  UPGC 
office  is  staffed  by  civil  servants,  and 
they  can  help  with  arranging  appoint¬ 
ments  with  committee  members. 

While  all  universities  and  colleges 
in  Hong  Kong  are  publicly  funded,  the 
funding  is  not  decided  by  the  civil  ser¬ 
vants.  Rather,  a  committee  has  been 
set  up  consisting  of  local  and  overseas 
academics  and  local  businessmen  and 
industrialists.  This  committee  oversees 
the  funding  (including  research)  for  all 
seven  universities  and  colleges.  The 
committee  members  are  the  policy 
makers.  If  you  visit  UPGC  you  will  get 
an  overall  picture  of  the  present  situa¬ 
tion  and  the  future  plans  of  computing 
in  Hong  Kong. 

The  government  also  has  a  Govern¬ 
ment  Data  Processing  Agency  (GDPA) 
that  both  handies  large-scalccomputa- 
tion  for  all  government  departments 
and  oversees  computing  policy  within 
the  government.  Finally  there  is  the 
Hong  Kong  Trade  Development  Coun¬ 
cil  (HKTDC)  for  industrial  and  manu¬ 
facturing  sites. 

The  general  organizational  concepts 
for  the  seven  universities  and  colleges 
under  UPGC  are: 

1.  The  University  of  Hong  Kong 
(U-HK)  and  the  Chinese  University 
of  Hong  Kong  are  well-balanced, 
all-round  universities. 

2.  Hong  Kong  University  of  Science 
and  Technology  (HKUS&T)  is  a 
brand  new  university  that  will  open 
its  doors  to  students  in  the  fall  of 
1991.  Its  emphasis  is  on  profes¬ 
sional  subjects. 

3.  The  Hong  Kong  Polytechnic 
(HK-Poly)  and  The  City  Polytechnic 
of  Hong  Kong  arc  vocationally  ori¬ 
ented  colleges.  The  goal  is  that 


eventually  three-quarters  of  the 
students  wilt  be  degree  candidates. 
(Hong  Kong  also  has  a  number  of 
“technical  institutes”  that  offer 
diploma  level  vocational  subjects. 
The  level  is  equivalent  to  junior 
colleges  in  the  United  States.) 

4.  The  Hong  Kong  Baptist  College  and 
Ling  Nam  College  originally  began 
as  private  institutions  modeled  after 
the  U.S.  liberal  arts  colleges.  After 
they  became  publicly  funded,  the 
professional  courses  (mainly  business 
and  social  service)  were  strengthened. 

U-HK  and  Chinese  U-HK  have  both 
graduate  and  undergraduate  programs 
and  have  faculty  members  engaged  in 
research.  The  remainder  arc  more 
focused  on  vocational  training  and  some 
postgraduate  (mostly  master’s)  pro¬ 
grams.  Their  faculty  also  do  some 
research. 

I  visited  U-HK,  HKUS&T,  HK-Poly. 
All  three  are  either  bursting  at  the 
scams  or  in  the  midst  of  a  frantic  build¬ 
ing  program.  I  had  no  opportunity  to 
visit  Chinese  U-HK,  but  I  was  told  that 
this  is  a  fairly  traditional  university 
that  has  heavy  emphasis  on  the  social 
sciences.  U-HK,  HK-Poly,  and  Chinese 
U-HK  have  enrollments  in  the  range  of 
10,000-13,000,  and  HKUS&T  is  antic¬ 
ipating  similar  numbers  within  a  few 
years.  Hong  Kong  has  a  population  of 
about  6,000,000,  so  there  does  not  appear 
to  be  much  doubt  that  this  level  can  be 
maintained  as  long  as  the  government 
provides  financial  support  (these  are 
all  public  institutions). 

UNIVERSITY  OF 
HONG  KONG 

U-HK  is  on  Hong  Kong  Island,  in  a 
very  hilly  setting.  Buildings  arc  stacked, 
and  it  is  difficult  to  walk  more  than  a 
few  meters  in  any  direction  without 
encountering  steps.  There  arc  some 
beautiful  views. 


U-HK  has  a  very  active  computer 
science  (CS)  department,  established 
in  1988.  I  had  met  the  chairman  in 
Taiwan,  where  I  was  impressed  with 
one  of  his  research  papers. 

Prof.  Francis  Yuk-Lun  Chin 
Dept  of  Computer  Science 
University  of  Hong  Kong 
Pokfulam  Road,  Hong  Kong 
Tel:  -1-852-859-2178 
Fax:  -1-852-559-8447 
Email:  chin@csd.hku.hk  or 

chin%csd@hkujnt.bitnet 

The  current  department  has  about 
15  faculty  members.  In  the  1989-90 
academic  year,  there  were  about  120  stu¬ 
dents,  43  CS  undergraduates,  60  civil 
engineering  undergraduates,  and 
14  graduate  students.  Almost  all  of  the 
faculty  have  Ph.D.  degrees  from  Western 
universities  such  as  Princeton, 
Columbia,  Waterloo,  Wisconsin, 
Illinois,  London,  etc.  Research  inter¬ 
ests  span  the  usual  range  of  those  in 
computer  science  departments.  I  did 
not  sense  much  activity  in  numerical 
computation  and  none  in  numerical 
analysis  (I  had  no  opportunity  to  visit 
the  mathematics  department),  although 
at  least  one  faculty  member 
(W.W.  Tsang)  is  interested  in  statisti¬ 
cal  computation.  There  is  some  work 
in  parallel  and  distributed  computa¬ 
tion,  related  mostly  to  programming 
environments,  networking,  systems,  and 
object-oriented  programming.  Chin’s 
research  that  caught  my  attention  in 
Taiwan  was  concerned  with  computa¬ 
tion  on  a  hypercube.  It  is  somewhat 
theoretical  and  was  done  while  he  was 
on  sabbatical  in  the  United  States.  His 
current  responsibilities  leave  I'ttle 
free  time  for  research.  There  is  a 
generous  collection  of  modern  Unix 
workstations,  but  I  did  not  see  any 
parallel  computers  at  the  university. 
There  may  be  some  at  local  industries, 
however. 
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The  department  has  generated  a 
credible  number  of  publications,  mostly 
in  English,  many  in  well  known  jour¬ 
nals.  There  is  an  active  visitor 
program.  While  I  was  there.  Prof.  Robert 
Uzgalis  (retired  from  UCLA)  was  ending 
a  year’s  visit.  The  university  provided 
him  with  support  and  housing.  Uzgalis 
claimed  that  the  Chinese  students  he 
met  were  very  creative  and  diligent  and 
more  suited  for  creating  new  software 
than  some  other  Asian  groups  he  had 
dealt  with.  He  also  commented  that 
there  was  an  excess  of  skilled  computer 
talent  in  Hong  Kong,  and  many 
graduates  are  forced  to  accept  positions 
in  Hnancial  or  other  fields.  In  fact,  I  did 
not  see  any  evidence  of  an  information 
industry,  although  I  was  told  that  there 
is  at  least  one  PC  clone  (Sigma)  prcxluced 
in  Hong  Kong.  (The  new  HKUS.&T 
has  as  one  of  its  goals  to  build  the 
information  industry  in  Hong  Kong.) 
However,  while  I  was  in  Hong  Kong  I 
watched  an  exceptionally  well  done 
computer  video  that  was  presented  on 
TVas  an  advert Lsement  for  the  proposed 
new  airport.  It  showed  the  bay  sur¬ 
rounded  by  tall  buildings,  water  dis¬ 
appearing  and  slowly  being  replaced  by 
runways,  followed  by  a  747  on  its  final 
approach  and  landing.  Unfortunately, 
I  was  not  able  to  get  any  information 
about  where  this  was  made. 

HONG  KONG  UNIVERSITY  OF 
SCIENCE  AND  TECHNOLOGY 

The  most  interesting  new  scientific 
development  in  Hong  Kong  is  its  new 
university,  HKUS&T,  which  will  con¬ 
sist  of  a  grouping  of  professional  schtxtls 
emphasizingscience,  technology,  engi¬ 
neering,  management,  and  business. 
There  is  a  deliberate  decision  to  make 
the  university  focus  on  technology 
transfer  to  industry.  In  fact,  there  is  a 
plan  to  create  two  separate  types  of 
positions  to  attract  scientists  from  both 
the  academic  research  community  and 


the  industrial/commercial  research  and 
development  (R&D)  sector.  Initially, 
the  teaching  language  will  be  English, 
but  university  administrators  acknowl¬ 
edge  that  Chinese  will  also  be  perva¬ 
sive  to  satisfy  “a  practical  need  for  our 
graduates  to  be  able  to  flourish  up  north.” 
At  the  time  of  my  visit,  the  university 
staff  members  were  located  in  an  office 
building  one  block  from  the  center  of 
the  downtown  portion  of  (the  mainland- 
Kowloon)  Hong  Kong,  but  a  brand 
new  campus  is  being  built  outside  cen¬ 
tral  Hong  Kong  and  is  visualized  as 
more  like  a  college  town  than  an  urban 
campus,  set  along  the  ocean  on 
60  hectares,  including  not  only  the 
university  complex  but  sports  facili¬ 
ties,  student  residences  for  over  2,000, 
senior  staff  apartments  of  1,500  to 
2,000  ft^  shops,  etc. 

Academic  staff  are  being  recruited 
actively.  Senior  members  are  being 
sought  by  all  traditional  methods  includ¬ 
ing  academic  “head  hunting.”  Adver¬ 
tisements  in  scientific  journals  are  also 
used.  I  noticed  a  large  ad  in  a  recent 
SIAM  Newsletter,  indicating  very 
handsome  salaries  and  benefits.  Many 
of  these  senior  positions  have  now 
been  filled,  and  there  is  a  long  list  of 
scholars  who  have  spent  many  years  at 
very  well  known  universities  in  the  West, 
including  Berkeley,  Princeton,  USC, 
CalTech,  Brown,  Oxford,  MIT,  and  the 
like.  Roughly  two-thirds  of  the  senior 
staff  have  Asian  names;  the  remainder 
appear  to  be  Western.  The  university 
reluctantly  has  acknowledged  that  they 
will  have  to  pay  department  salary  dif¬ 
ferentials  based  on  market  conditions. 

There  are  many  growing  pains  and 
some  chaos  as  the  first  students  will 
appear  this  fall.  More  than  10,000 
applicants  vied  for  about  560  under¬ 
graduate  positions.  The  following  year 
about  2,000  students  are  expeaed.  Plans 
arc  to  have  about  10,000  students  by 
the  end  of  the  decade.  (Regardless  of 
the  long-term  future  of  the  university. 


I  think  that  its  first  students  will  have  a 
very  rich  and  rewarding  educational 
experience.) 

Table  1  describes  the  planned  enroll¬ 
ments.  Within  the  School  of  Engineer¬ 
ing,  computer  science  and  electrical 
engineering  will  be  oo-equal  as  the  largest 
programs.  Surprisingly,  mathematics 
will  eventually  be  the  largest  program 
in  the  School  of  Science,  half  again  as 
large  as  physics,  and  almost  twice  as 
large  as  chemistry.  Perhaps  this  is  related 
to  the  strong  mathematics  faculty,  of 
whom  five  have  already  been  selected, 
including  two  professors  from  Brown 
(Hsieh  and  Shen),  a  former  depart¬ 
ment  head  from  Princeton  (Hsiang), 
and  a  research  mathematician  who  spent 
20  years  at  the  U.S.  Naval  Research 
Laboratory  (Yang).  The  computer  sci¬ 
ence  program  will  be  headed  by  a 
Princeton  Ph.D.  and  former  MCC 
program  manager  (Shen).  The  univer¬ 
sity  president  (Woo)  was  formerly 
president  of  San  Francisco  State 
University. 

The  university  is  planned  to  be  a 
first  class  research  establishment,  and 
funding  has  already  been  secured  for 
programs  in  biotechnology  and  infor¬ 
mation  technology.  There  are  a  large 
number  of  additional  proposals  in  areas 
such  as  advanced  materials,  energy, 
scientific  computation,  manufacturing, 
cognitive  science,  and  others.  A  Mate¬ 
rials  Characteriziition  Center,  Micro¬ 
fabrication  Center,  Computer-Aided 
Design/Computcr- Aided  Manufactur¬ 
ing  (CAD/CAM)  Laboratory,  and  others 
are  being  built.  A  computer  environ¬ 
ment  is  also  being  developed.  It  will 
consist  of  heterogeneous  micropro¬ 
cessors  such  as  micros  and  worksta¬ 
tions,  connected  with  a  few  large  minis 
and  mainframes  via  a  fiber  distributed 
data  interface  (FDDI)  network.  The 
network  is  in  the  form  of  a  dual  ring  of 
trees;  optical  fiber  will  be  routed  to 
various  central  locations,  and  then 
Ethernet  cables  will  connect  to 
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individual  users.  The  net  will  not  only 
be  connected  to  offices  but  also  to  all 
campus  housing.  Some  of  this  network 
is  already  installed.  There  is  at  least 
one  HP  70-MIP  workstation  and  many 
other  workstations  are  presently  in  boxes 
waiting  for  installation.  The  university 
claims  that  every  department  will  have 
or  share  a  computer  laboratory  for  use 
by  graduate  students  and  faculty,  and 
every  faculty  member  will  have  a 
workstation. 

Well  known  software  such  as  IMSL 
and  SAS  is  installed  and  available 
through  the  computer  center.  The  new 
campus  will  be  connected  to  others  in 
Hong  Kong  via  a  9,600-baud  line,  and  a 
T-1  line  to  Britain  will  be  installed 
sometime  in  1992.  Plans  are  to  link  the 
university  via  real-time  video  and  data 
paths  to  Asia,  Europe  (via  London), 
and  the  United  States  (via  California) 
to  allow  it  “to  become  one  of  the  most 
international  of  all  the  world’s  univer¬ 
sities”!  Certainly,  the  failed  supercom¬ 
puter  for  Hong  Kong  would  have  been 
very  useful.  As  things  stand  now,  users 
will  have  to  find  creative  ways  to  use 
distributed  workstations. 

I  have  no  special  insight  about  the 
future  prospects  for  this  university. 
Unfortunate^,  I  did  not  meet  with  senior 
members  of  the  administration  or  the 
research  faculty,  but  only  with  staff 
from  Computer  Services  and  one 
member  of  the  new  computer  science 
department.  At  this  point  the  university 
has  no  track  record  and  only  an  energetic 


new  faculty  and  developing  physical 
plant.  The  university  could  become  the 
high-class  research  center  that  it  hopes 
to  be.  Mostly  it  will  depend  on  the  com¬ 
mitment  of  the  Chinese  Government 
to  maintain  the  path  set  out  by  university 
founders,  as  well  as  that  government’s 
ability  to  sustain  the  university’s  finan¬ 
cial  requirements.  For  senior  Western 
scientists  who  have  joined  the  faculty,  I 
believe  that  things  are  more  clear.  Most 
of  these  people  are  in  the  later  stages 
of  their  professional  careers  and  the 
university  now  has  more  than  enough 
momentum  to  carry  them  along  for  a 
number  of  years.  The  same  would  be 
true  for  visitors.  It  will  be  interesting, 
though,  to  see  how  successful  the  uni¬ 
versity  is  at  recruiting  mid-career  faculty, 
and  it  will  be  important  to  follow  prog¬ 
ress  here  during  the  coming  decade. 

My  primary  contact  at  HKUS&T  is 

Dr.  William  Max  Ivey 
Director,  Computer  Services  and 
Telecommunications 
Hong  Kong  University  of  Science 
&  Technology 

12/F,  World  Shipping  Centre 
Harbour  City 

7  Canton  Road,  Tsimshatsui 
Kowloon,  Hong  Kong 
Tel:  -(-852-302-1411,-1533 
Fax:  -1-852-736-7088 
Email:  ccmax@usthk.bitnet 

His  address  and  telephone  number 
will  change  within  the  next  few  months 
as  the  new  campus  is  opened. 

Table  1.  Planned  Enrollments 


THE  HONG  KONG 
POLYTECHNIC 

HK-Poly  is  within  walking  distance 
of  the  center  of  Kowloon,  thus  an  urban 
campus,  which  is  being  expanded.  As 
mentioned  above,  HK-Poly  is  more  of 
a  vocational  center  than  a  research 
university.  Nevertheless,  it  has  about 
13,000  students,  although  only  about 
60%  are  degree  candidates.  I  met  with 

Mr.  Dennis  M.T.  Yek 
Head  of  Department 
Hong  Kong  Polytechnic 
Computer  Center 
Hung  Horn,  Kowloon 
Hong  Kong 

Tel:  -1-852-766-5940,  -5932 
Fax:  -1-852-764-2647 

HK-Poly’s  computing  facilities 
include  about  eight  Vax  ll/780s  or 
equivalents,  some  PCs,  and  terminals. 
There  are  no  Unbe  workstations  yet. 
Software  includes  ACSL  (for  system 
simulation,  including  solution  of  dif¬ 
ferential  equations),  IMSL,  GLIM, 
Ansys,  LP/Protran,  Maesyma,  SAS, 
SPSS,  AutoCAD,  various  database 
products  such  as  Oracle,  and  a  fair 
selection  of  graphics  software  such  as 
Movie,  Gino,  etc.  As  usual,  the  com¬ 
puter  center  is  overworked  and  under¬ 
staffed.  I  had  no  opportunity  to  speak 
with  any  members  of  the  scientific  feculty. 


[Figures  are  for  undergraduates /graduate  students/faculty  and  staff.] 


School 

1991 

1993 

1995 

1999 

Science 

Engineering 

Business  &  Management 
Humanities  &  Social  Sciences 

180/30/49 
230/42/39 
150/60/31 
0/  8/15 

835/130/129 
1054/126/120 
1034/210/104 
0/  61/  50 

1503/365/192 
2070/433/209 
1963/474/161 
0/155/  80 

2024/430/263 

3192/726/317 

2798/627/226 

0/200/110 
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All  these  schools  are  connected 
together  via  electronic  networking 
(Harnet;  Hong  Kong  Academic  & 
Research  Network).  The  individual 
nodes  are  connected  either  by  leased/ 
dedicated  circuits  or  through  the  Hong 
Kong  Telephone  Company  DATAPAK 
service.  There  is  a  common  gateway 
for  access  to  international  networks. 
Interestingly,  there  is  a  printed  directory 
of  electronic  mail  users  that  integrates 
all  the  universities  (very  helpful).  This 
might  be  available  on-line  as  well. 

ROYAL  OBSERVATORY 

The  main  contact  at  the  observ'a- 
tory  is 

Mr.  Yeung  Kai  Hing 
Senior  Scientific  Officer 
Royal  Observatory 
134A  Nathan  Road 
Kowloon,  Hong  Kong 
Tel:  +852-732-9331 
Fax:  +852-721-5034 

This  observatory,  with  a  staff  of  300,  is 
a  department  of  the  Hong  Kong  Gov¬ 
ernment  that  primarily  operates  weather 
forecasting,  cyclone  warning,  and  related 
meteorological  and  geophysical  services. 
The  main  facility  stands  on  a  wooded 
hill  in  the  center  of  downtown  Kowloon. 
In  crowded  Hong  Kong  the  land  value 
alone  must  be  astronomical.  The  admin¬ 
istration  is  hoased  in  a  beautiful  BriiLsh 
colonial  building  dating  from  the  19th 
century,  and  one  expects  to  see  white- 
suited,  mustached  men  with  aild  drinks 
sitting  on  the  veranda.  In  many  ways 
the  observatory  is  a  world  apart  from 
the  frantic  activity  in  most  other  parts 
of  Hong  Kong. 

Various  weather  information  is 
collected  from  ships,  weather  buoys, 
aircraft,  and  island  and  land  stations, 
and  data  (including  video)  are  also 
transmitted  by  weather  satellites  and 


microwave.  This  includes  such  things 
as  air  and  sea  soundings  (wind,  temper¬ 
ature,  pressure,  humidity,  solar  radia¬ 
tion,  evaporation,  evapotranspiration, 
sea  temperatures,  sea  waves,  tides,  etc.), 
radar,  microwave  cloud  pictures,  rain¬ 
fall,  and  others.  A  Royal  Navy  officer  is 
attached  to  the  observatory  to  act  as  a 
liaison  with  Navy  ships  in  the  China 
Seas  and  western  Pacific.  The  observa¬ 
tory  is  also  responsible  for  coordinat¬ 
ing  marine  data  for  the  South  China 
Sea.  Advice  on  marine  climatological 
conditions  is  given  to  various  companies, 
especially  those  engaged  in  offshore  oil 
activities.  Staff  members  from  the  obser¬ 
vatory  also  teach  courses  in  atmospheric 
science  at  Hong  Kong  universities. 

The  main  activities  of  the  observa¬ 
tory  arc  as  follows: 

•  Record  keeping  and  climatological 
services. 

•  Radioactivity  monitoring  and  assess¬ 
ment  in  order  to  determine  back¬ 
ground  radiation  levels  in  conjunc¬ 
tion  with  Daya  Bay  Nuclear  Power 
Station.  There  is  also  a  Monitoring 
and  Assessment  Center. 

•  Time  service  based  on  Caesium  Beam 
Atomic  Clock  and  broadcast  by 
various  radio  stations. 

•  Geophysics  and  astronomy,  primarily 
to  monitor  earthquake  activity  and 
gravimetric  measurements,  via  seis¬ 
mometers,  accclcrographs,  etc. 

•  Hydrometeorology,  mostly  via  rain- 
gauges  for  water  resources  infor¬ 
mation  and  flood  forecasting  models. 

•  Oceanography,  including  storm 
surge  simulation,  tidal  monitoring 
and  modeling,  and  wave  and  swell 
numerical  models. 


•  Applied  meteorology,  effect  of  ter¬ 
rain  on  wind  flow  and  participates, 
and  in  particular  various  studies 
related  to  locating  the  new  Hong 
Kong  airport. 

Generally,  weather-related  activities 
account  for  about  90%  of  the 
observatory’s  expenditures  (S10-15M 
U.S.). 

There  are  communications  links 
between  the  observatory  and  meteoro¬ 
logical  centers  in  Tokyo,  Bangkok,  and 
Beijing  (9600  baud).  All  together,  these 
amount  to  4-5  MB/day.  These  data, 
plus  that  generated  locally,  are  pro¬ 
cessed  into  various  charts  and  fore¬ 
casts.  Most  of  the  computing  is  being 
handled  by  several  minicomputers,  such 
as  Data  General  Eclipse  S/140, 
MV20000,  etc.  There  is  a  substantial 
amount  of  data  acquisition,  plotting, 
display,  and  tape  archival  equipment. 
Databased  weather  data  amount  to 
about  300MB/yr,  and  Oracle  is  the 
main  database  product  in  use.  There 
were  two  IBM  RS/6000  Unix  worksta¬ 
tions  in  crates  yet  to  be  installed  when 
I  visited.  The  observatory  decided  to 
purchase  these  after  the  decision  was 
made  not  to  obtain  a  supercomputer 
for  Hong  Kong.  The  staff  is  heavily 
involved  in  day-to-day  forecasting  but 
would  like  to  do  more  serious  numeri¬ 
cal  modeling,  and  a  small  supercom¬ 
puter  maintained  elsewhere  would  have 
been  ideal.  The  IBMs  will  also  be  use¬ 
ful  but  will  require  maintenance  and 
training.  These  will  be  the  first  Unix 
machines  at  the  observatory. 

More  computer  horsepower  will  also 
enable  them  to  work  on  image 
enhancement  techniques,  computer  ani¬ 
mation,  etc.  Storm  surge  models  have 
been  carried  out  at  the  National  Oceanic 
and  Atmospheric  Administration 
(NOAA),  and  a  single  layer  vertically 
integrated  bay  model  has  been  run  at 
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the  observatory.  The  staff  would  like  to 
increase  this  to  a  multilayer  model  as 
well  as  to  perform  various  finite  ele¬ 
ment  computations.  Hong  Kong  weather 
is  subject  to  the  vagaries  of  both  trop¬ 
ical  and  extratropical  weather  systems 
as  well  as  Asian  monsoons.  Hilly  ter¬ 
rain  and  large  land/sea  contrasts  give 
rise  to  complex  small-scale  atmospheric 
circulations,  leading  to  significant  local 
weather  variations.  Some  very  inter¬ 
esting  modeling  is  being  done  using  a 
limited  area  model  developed  by  the 
Japan  Meteorological  Agency.  On 
current  computers  this  is  run  once  each 
day  to  give  forecasts  up  to  2  days 
ahead.  Some  of  this  compulation  will 
be  very  much  improved  with  the  new 
workstations. 

Observatory  staff  do  not  appear  to 
be  active  in  research,  although  there 
are  clearly  many  fascinating  topics  that 
could  be  examined.  I  also  did  not  get 


the  impression  that  there  was  much 
collaborative  activity  between  the  obser¬ 
vatory  and  universities  in  Hong  Kong, 
even  though  there  is  an  active  interna¬ 
tional  meteorological  community  with 
which  they  interact.  There  is  no  elec¬ 
tronic  mail,  a  serious  deficiency,  and 
until  recently  not  enough  computer 
power  for  significant  numerical  research. 
Nevertheless,  the  observatory  has  many 
interesting  problems,  a  long  scholarly 
history,  and  a  wonderfulsetting.  I  think 
that  the  new  HKUS&T  would  be  well 
served  by  developing  some  coopera¬ 
tive  projects. 
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FUZZY  HELICOPTER  FLIGHT  CONTROL 


This  article  summarizes  research  on  helicopter  flight  control  in  Japan 
based  on  fuzzy  logic  techniques. 

by  David  K  Kahaner  and  Daniel  G.  Schwartz 


INTRODUCTION 

During  the  past  year  I  have  elec¬ 
tronically  circulated  several  reports  on 
research  in  fuzzy  systems  (control.34, 
1  Aug  1990;  takagi,  7  Aug  1990;  fuzzy, 
24  Aug  1990;  fuzzy.gmd,  21  Jan  1991; 
klir,  12  Apr  1991;  and  fuzzyl.gmd, 
17  May  1991).  Some  of  these  reports 
have  also  been  published  in  the  Scientific 
Information  Bulletin  [D.K.  Kahaner, 
“Fuzzy  Logic,”  16(1),  41-47  (1991); 
T.  Hagemann,  “Second  Fuzzy  Logic 
Systems  Institute  Hardware  Practice 
Seminar,”  in  “Scientific  Information 
Briefs,”  16(2),  2-3  (1991);  G.J.  Klir, 
“Japanese  Advances  in  Fuzzy  Theory 
and  Applications,”  16(3),  65-74  (1991); 
and  T.  Hagemann,  “Omron’s  Fuzzy 
Technology  Business  Promotion 
Center,”  1^3),  75-79  (1991)].  During 
the  summer  of  1991,  the  Office  of  Naval 
Research  supported 

Prof.  Daniel  Schwartz 
Dept  of  Computer  Science 
Florida  State  University 
Tallahassee,  FL  32306-4019 

to  analyze  Japanese  research  in  this 
area.  Schwartz  will  be  preparing  a  report 
that  I  will  circulate  as  soon  as  it  is 
complete  (look  for  an  article  in  a  future 
issue  of  the  Bulletin).  However,  the 
following  material  is  interesting  enough 
that  we  felt  it  \\ as  appropriate  to  circu¬ 
late  quickly.  More  details  will  follow 
as  part  of  Schwartz’s  report. 

This  article  concerns  three  projects 
related  to  helicopter  control  that  use 
fuzzy  logic;  we  are  not  aware  of  any 


comparable  research  in  the  United 
States.  There  seems  to  be  some  sense 
among  Japanese  researchers  that 
research  on  fuzzy  theory  (basic  sci¬ 
ence)  may  be  losing  some  of  its  momen¬ 
tum,  but  applications  (engineering)  are 
still  very  active.  It  is  our  opinion  that  in 
the  United  States,  applications  of  fuzzy 
control  to  real  problems  are  far  behind 
the  work  in  Japan. 

SUGENO’S  PROJECTS 

In  several  of  the  earlier  reports  we 
mentioned  research  on  the  use  of  fuzzy 
control  for  helicopter  applications.  For 
example,  at  the  1989  Japan  electronics 
show,  a  small  model  helicopter  with 
several  rotors  was  demonstrated.  This 
was  developed  as  a  Laboratory  for  Inter¬ 
national  Fuzzy  Engineering  Research 
(LIFE)  project.  However,  the  model 
was  very  small,  and  most  of  the  infor¬ 
mation  was  obtained  by  cameras  on  the 
ground.  The  information  from  these 
cameras  was  then  fed  to  a  ground- 
based  control  system  helping  a  human 
operator,  who  held  a  set  of  wireless 
controls. 

Prof.  Michio  Sugeno 
Dept  of  Systems  Science 
Tol^o  Institute  of  Technology  (I'll) 
4259  Nagatsuta 

Midori-ku,  Yokohama  227,  Japan 
Tel;  -)-81-45-922-llll,x2641 
Fax:  +81-25-921-1485 

described  three  more  recent  projects 
of  his,  in  this  general  area: 


(1)  Radio  control  of  helicopter  by  oral 
instructions 

(2)  Automatic  helicopter  autorotation 
entry 

(3)  Unmanned  helicopter  for  sea  rescue 

The  projects  have  some  overlap. 

In  1989,  the  Science  and  Technol¬ 
ogy  Agency  (STA)  (part  of  the  Prime 
Minister’s  office)  began  a  5-year  pro¬ 
gram,  Fuzzy  Systems  and  Their  Appli¬ 
cation  to  Human  and  Natural  Prob¬ 
lems,  covering  three  major  areas. 

•  Basic  theory  (inference,  fuzzy  com¬ 
puter,  operating  system,  etc.) 

•  Engineering 

•  Applications  of  fuzzy  theory  to  social 
and  natural  science 

The  actual  projects  are  as  follows: 

1.  Fuzzy  Logic 

2.  Algorithms  and  Fuzzy  Reasoning 

3.  Programming  Languages  and 
Architecture 

4.  Intelligent  Control  of  High-Speed 
and  Unstable  Systems 

5.  Intelligent  Control  of  Ill  Structured 
Systems 

6.  Real  Time  Image  Understanding 
(Fuzzy-Neural  Systems) 
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7.  Recognition  of  Hand-Written 
Letters 

8.  ModellingofSensual  Information 
Processing  (Image  and  Sensors) 

9.  Human  Interface  in  Home  Auto¬ 
mation 

10.  Human  Interface  for  High-Speed 
and  Unstable  Machines 

11.  Evaluation  of  Complex  Systems 

12.  Fuzzy  Information  Retrieval 

13.  Fuzzy  Association 

14.  Evaluation  of  Reliability  of  Large 
Scale  Systems 

15.  Application  ofFuzzy  Logic  to  Social 
and  Management  Systems 

16.  Earthquake  Forecasting 

17.  Prediction  of  Air  Pollution  in  Wide 
Area 

18.  Modelling  of  Plant  Growth 

In  total,  these  projects  arc  worked  on 
by  about  60  researchers  at  19  different 
organizations,  roughly  one-third  each 
at  academic,  industrial,  and  govern¬ 
ment  laboratories.  Its  total  budget  is 
about  ¥0.8B  for  5  years,  about  S 1  My^r. 
Sugeno  explained  to  us  that  this  pro¬ 
gram  is  actually  larger  than  LIFE’S,  as 
it  does  not  have  to  cover  salaries,  and 
because  there  is  no  central  facility  to 
be  operated.  There  was  a  closed  sym¬ 
posium  last  year  and  he  has  promised 
to  send  us  a  copy  of  the  proceedings, 
although  it  will  be  in  Japanese.  There 
will  be  another  symposium  this  year, 
afteran  international  mcctingon  fuzzy 
systems  in  Japan  (November  1991),  and 
we  were  told  that  at  least  one  day  of 
that  will  be  open. 


Sugeno’s  projects  arc  being  sup¬ 
ported  as  follows: 

(1)  1989-1993,  TIT  and  STA.  There 
are  two  graduate  students  working 
on  this.  Until  recently  the  project 
was  conducted  at  TIT,  although  it 
has  moved  to  a  site  near  Osaka. 

(2)  1989-1993,  TIT,  STA,  and  Kawasaki 
Heavy  Industry.  There  arc  five  or 
six  engineers  working  on  this  at 
Kawasaki.  This  is  the  company  that 
manufactures  the  body  for  Boeing’s 
747  and  also  builds  at  least  one 
large  helicopter  (BK117). 

(3)  1990-1991,  TIT,  Tokimec  and  the 
Ministry  of  Transportation. 
Tokimcc  is  a  large  instrument 
company  (sensors). 

Projects  1  and  2  are  supported  under 
the  engineering  part  of  the  STA  pro¬ 
gram.  Project  3  is  supported  by  the 
Ministry  of  Transportation. 

Project  (1).  The  goal  is  to  be  able  to 
use  simple  language,  “fly  straight,”  ‘lum 
left,”  “hover,”  “land,”  etc.,  for  control. 
Sugeno  had  already  done  this  with  a 
car  more  than  5  years  ago.  Of  course, 
the  current  project  is  vastly  more 
complex.  They  developed  a  1-mctcr 
model  that  was  able  to  correctly  respond 
to  “take  off’  and  “hover”.  They  are 
now  using  a  3.5-meter  model  (adapted 
from  Kawasaki’s  R50)  and  they  have 
been  able  to  make  this  respond  stably 
to  “hover”;  this  month  they  will  al.so  be 
testing  its  ability  to  respond  to  com¬ 
mands  to  fly  straight.  Sugeno  explained 
that  the  model  cost  about  ¥12M  (almost 
S120K),  of  which  about  ¥7M  are  sen¬ 
sors,  and  that  the  size,  danger,  and  cost 
of  the  system  required  them  to  move 
the  project  out  of  the  university. 

Sugeno  explained  that  there  arc  15 
state  variables  for  the  helicopter:  three 
spatial  coordinatc.s,  their  velocities  and 
accelerations,  three  angular  coordinates, 


and  their  speeds.  Of  these,  currently 
only  nine  can  be  measured  on  the  heli¬ 
copter;  spatial  position  and  velocity 
need  to  be  measured  from  Global 
Positioning  System  (GPS)  satellite  data 
that  are  not  yet  readily  available  in 
Japan,  although  he  claims  that  within 
3  years  there  will  be  enough  of  these 
satellites  in  orbit  to  provide  the  addi¬ 
tional  needed  data. 

Motion  of  the  helicopter  comes  from 
making  adjustments  to  collective  pitch 
level,  longitudinal  stick,  lateral  stick, 
and  directional  pedal.  General  linguis¬ 
tic  (high  level)  rules  can  be  formulated 
such  as  “while  hovering  if  the  body 
rolls,  then  control  the  lateral  in  reverse,” 
etc.,  and  that  these  can  then  be  con¬ 
verted  into  a  number  of  fuzzy  rules, 
such  as  “if  delta  x  is  Forward  then  delta 
longitudinal  stick  is  Pull.”  In  all,  they 
generated  about  120  rules,  which  then 
replaced  the  usual  proportional  inte¬ 
gral  derivative  (PID)  controllers  in  the 
helicopter.  As  described  above,  they 
have  run  actual  tests  with  the  models 
using  several  (not  all)  of  the  voice 
controls.  In  addition,  they  have  simu¬ 
lated  all  the  controls  that  they  plan  to 
implement  using  a  Silicon  Graphics 
3D  workstation.  Sugeno  displayed  some 
of  the  simulation  results  showing  plots 
ofair  speed,  altitude,  pitch,  etc.,  during 
various  situations  such  as  variable  wind 
of  7  to  13  m/s  from  one  side  while 
hovering  and  claimed  that  the  plots 
were  as  good  as  would  be  obtained 
from  manual  control  with  an  experi¬ 
enced  pilot.  Sugeno  is  confident  that 
the  project  will  eventually  be  able  to 
act uallyoperatea  real  helicopter  using 
these  techniques. 

Project  (2).  As  Sugeno  explained, 
when  a  helicopter  has  an  engine  failure 
the  pilot  must  decide  if  he  should  (a)  try 
to  restart  the  engine  or  (b)  abandon 
the  attempt.  In  the  latter  case  he  must 
disconnect  the  engine  from  the  rotor  to 
allow  it  to  rotate  freely  and  then  dive 
forv>..ird  in  an  appropriate  manner  to 
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generate  force  on  the  rotor  to  keep  it 
spinning.  If  this  is  done  correctly,  then 
near  the  ground  he  can  straighten  out 
and  there  will  be  enough  lift  on  the 
rotors  to  allow  a  safe  landing.  Sugeno 
explained  that  all  pilots  must  have  this 
skill  to  obtain  a  license.  A  key  aspect  of 
this  is  “autorotation  entry,”  the  period 
between  straight  flight  when  the 
engine  fails  and  initializing  the  dive, 
and  pilots  at  Kawasaki  told  him  they 
did  not  think  it  could  be  automated. 
However,  again  using  a  fuzzy  control 
system,  he  claimed  that  it  had  been 
done,  and  in  fact  it  was  going  to  be 
installed  on  the  company’s  large  units. 
(We  did  not  obtain  any  of  the  details  of 
the  fuzzy  rules.) 

Prefect  (3).  This  project  is  much 
larger  than  either  1  or  2  and  will  not  be 
finished  in  the  allowed  time;  Sugeno  is 
expecting  that  it  will  be  continued.  The 
main  goal  is  to  allow  a  helicopter  to  fly 
from  a  mother  ship  to  another  loca¬ 
tion,  for  example,  where  a  ship  is  on 
fire,  and  perform  various  operations, 
such  as  rescue.  The  original  project 
was  to  combine  GPS  satellite  data  with 
other  video  information  to  generate 
traditional  control  instructions  from 
the  mother  ship,  but  Sugeno  is  antici¬ 
pating  that  the  project  follow-on  will 
replace  this  with  fuzzy  control. 


CONCLUSION 

Sugeno  explained  that  the  Japanese 
feel  they  have  v.  orked  out  all  the  neces¬ 
sary  theory  associated  with  fuzzy  con¬ 
trol;  of  course,  there  are  many  applica¬ 
tions  yet  to  be  developed.  He  felt  that 
there  were  two  major  problem  areas  to 
be  studied  in  the  future:  (1)  control  of 
unstable  systems  of  which  the  helicop¬ 
ter  is  a  prime  example  and  (2)  control 
of  “ill  structured”  systems,  those  too 
large  or  poorly  defined  to  be  amenable 
to  traditional  methods  (he  specifically 
mentioned  control  of  water  turbidity 
in  a  filtration  plant  and  some  biomed¬ 
ical  systems).  In  response  to  a  query 
about  chaining  of  fuzzy  inferences, 
Sugeno  explained  that  while  this  is  not 
done  formally  it  is  done  in  practice  by 
first  using  what  he  termed  fuzzy-sensors 
followed  by  a  fuzzy  inference.  Fuzzy- 
sensors  refers  to  making  decisions  about 
sensor  inputs  by  fuzzy  reasoning,  such 
as  “why  is  the  water  turbid”  (oil,  dirt, 
etc.). 


Daniel  G.  Schwartz  is  an  associate 
professor  in  the  Department  of 
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mvolved  the  development  of  a  new 
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reasoning.  Dr.  Schwartz  has  over  30 
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expert  decision  support  systems  and 
in  automated  control 
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COMPUTING  AND  RELATED  SCIENCE  AND 
TECHNOLOGY  ACTIVITIES  IN  CHINA 


This  article  provides  an  overview  of  computing  and  related  science  and 
technology  (S&T)  activities  in  China. 

by  David  K.  Kahancr 


INTRODUCTION  AND 
SUMMARY 

This  report  is  a  complement  to  my 
earlier  article  on  Chinese  computing 
[“Computing  in  Taiwan,”  16(2),  23-29 
(1991)]  and  to  two  articles  that  appear 
in  this  issue  (“Computing  in  Hong 
Kong,”  on  page  7,  and  “The  Second 
International  Conference  on  Numeri¬ 
cal  Optimization  and  Its  Applications,” 
on  page  25).  It  is  based  on  one  visit  to 
China  [the  People’s  Republic  of  China 
(PRC)]  during  June  1991  and  on  some 
English  literature  and  English 
translations. 

In  many  ways,  mainland  China  (PRC) 
is  a  modern,  industrial  nation,  and  in 
others  it  is  a  poor,  third-world  country. 
High-tech  industries  in  China  arc  strug¬ 
gling  because  of  the  usual  problems 
associated  with  partially  developed 
countries.  There  are  additional  prob¬ 
lems  related  to  restrictions  on  trade 
from  the  United  States  and  European 
Community  (EC)  because  of  political 
differences.  Lack  of  good  communica¬ 
tion  facilities  .such  as  computer  net¬ 
works  and  fax  machines  means  that 
information  flow  is  erratic;  several  of 
the  scientists  we  spoke  to  were  unaware 
of  activities  in  neighboring  Chinese 
institutions,  while  others  appeared  to 
be  exceptionally  well  connected. 
Electronic  mail  is  just  beginning  to 
appear.  Access  to  computers  is  gener¬ 
ally  erratic.  There  is  a  heavy  emphasis 


on  simulation  and  theory  when  exper¬ 
imentation  might  be  better.  Basic  the¬ 
oretical  research  (pencil  and  paper)  is 
excellent,  especially  in  applied  mathe¬ 
matical  analysis.  We  saw  no  parallel 
computing  activity,  although  available 
reference  materials  indicate  that  some 
work  is  in  progress.  We  were  not  able 
to  assess  research  in  computer  science 
cither,  except  it  was  clear  that  com¬ 
puter  engineering  is  very  active.  Fuzzy 
logic,  for  example,  has  a  tremendous 
following,  and  there  are  a  great  many 
applications  being  developed  for  indus¬ 
trial  processes,  perhaps  more  than  in 
the  United  States.  (See  the  anecdotal 
list  of  applications  given  below.) 

Access  to  Western  research  infor¬ 
mation  also  appears  spotty.  Some  lec¬ 
tures  at  a  conference  we  attended  in 
Xi’an  suggested  a  very  out-of-date  view 
of  Western  literature.  On  the  other 
hand,  senior  scientists  travel  to  and 
study  in  the  West  and  read  and  write 
English  fairly  well.  But  many  Chinese 
scientists  have  not  travelled  outside  of 
their  country  and  have  not  had  much 
opportunity  to  use  spoken  English. 
There  also  appears  to  be  substantial 
library  facilities  at  least  atsomc  institu¬ 
tions.  Communicating  in  English  seems 
to  be  more  of  a  problem  than  in  Japan, 
but  this  is  also  very  variable. 

There  is  no  doubt  that  China  is  try¬ 
ing  very  hard  to  push  science  and  tech¬ 
nology  as  a  means  to  move  itself  for¬ 
ward.  Numerous  studies  have  empha¬ 
sized  that  the  country  that  invented 


paper,  movable  type,  gunpowder,  and 
the  compass  has  had  no  similar  scien¬ 
tific  achievements  in  recent  times.  Four 
volumes  of  “S&T  white  papers”  have 
been  published  since  1986  describing 
the  Chinese  Government’s  significant 
policy  and  strategy  decisions,  related 
materials,  and  regulations  for  scien¬ 
tists  and  others.  It  is  hoped,  for  exam¬ 
ple,  that  by  the  year  2000  high-tech 
industries  will  become  pillars  of  China’s 
national  economy,  traditional  indus¬ 
tries  will  improve  their  productivity, 
the  internal  consumer  market  will  fuel 
other  improvements,  and  even  military 
research  institutes  will  shift  strategi¬ 
cally  toward  civilian  products,  as  is  now 
occurring  in  the  Soviet  Union. 

Thus  there  is  plenty  of  interest,  ample 
reports,  and  relatively  large  quantities 
of  money  to  be  spent  on  research  and 
development  (R&D),  although  it  must 
be  spread  over  a  huge  infrastructure. 
For  example,  the  State  Science  and 
Technology  Commission  will  funnel 
over  $2B  into  high-tech  development 
during  the  1990s.  For  better  or  worse, 
China  has  over  7,500  scientific  research 
organizations  at  the  county  level  or 
above,  a  high-tech  work  force  of  more 
than  3  million  including  about  400,000 
scientific  research  personnel,  almost 
as  many  as  in  the  United  States  or 
Japan,  and  more  than  in  England.  Many 
of  the  policies  for  promoting  S&T  are 
common  to  other  industrializing  coun¬ 
tries  and  will  not  be  detailed  here.  A 
typical  quote  is: 
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We  should  strengthen  reverse 
engineering  and  digest,  absorb, 
improve,  and  develop  imported 
technology;  take  advantage  of 
our  vast  population;  and  raise 
design  starting  points.  An  exam¬ 
ple  is  importing  and  digesting 
French  engine  technologies  as  a 
basis  for  reverse  design  and 
absorbing  new  engine  technolo¬ 
gies  from  foreign  countries  for 
development  and  innovation  to 
design  and  develop  our  own  new 
type  of  engine... 

At  the  same  time  that  the  Chinese 
Government  is  trying  to  open  itself  to 
the  international  scientific  community, 
there  is  also  a  substantial  amount  of 
old-line  inertia  and  flowery  governmen¬ 
tal  prose  in  published  documents.  This 
is  compounded  by  official  concerns  about 
giving  away  secrets  to  foreign  intelli¬ 
gence  agents.  However,  all  the  experi¬ 
ences  during  our  recent  visit  suggest 
that  individual  Chinese  scientists  are 
just  as  eager  as  those  anywhere  to  engage 
in  cooperation  and  free  scientific 
information  exchange.  Let  us  do 
everything  possible  to  encourage  and 
support  this  attitude. 

CHINESE  KEY  NATIONAL 
LABORATORIES 

A  plan  to  build  national  key  labora¬ 
tories  in  universities  and  research  insti¬ 
tutes  began  in  1984.  The  focus  has  been 
on  building  and  operating  open  labo¬ 
ratories,  setting  up  a  new  research  sys¬ 
tem,  promoting  collaboration  and 
cooperation,  building  up  personnel, 
establishing  a  good  academic  atmo¬ 
sphere,  and  managing  the  laboratories. 
More  than  60  national  laboratories  have 
been  built  since  1984.  In  addition,  the 
Chinese  Academy  of  Science  (CAS) 
also  has  invested  in  setting  up  a  similar 
number  of  academic  laboratories  and 
iastitutes  that  are  university-like  (includ¬ 
ing  some  students)  but  in  a  different 


organizational  chain.  Further,  more 
laboratories  have  been  proposed  so  that 
there  could  be  on  the  order  of  150  by 
1995. 

The  Chinese  Government  is  now 
focusing  on  the  fact  that  buildinga  high 
class  laboratory  involves  not  only  a  large 
one-time  construction  cost  but  a  high 
ongoing  operational  cost.  There  is  now 
a  trend  to  consolidate  some  labora¬ 
tories  to  make  their  operations  more 
cost  effective,  make  research  funds  less 
diffuse,  and  make  sure  that  research 
directions  are  not  divided  toe  finely. 
There  are  still  many  problems  related 
to  “turf,”  and  cooperation  as  well  as 
communication  between  laboratories 
needs  improving.  There  are  also  a 
number  of  issues  related  to  personnel, 
such  as  getting  laboratory  leaders  of 
international  stature  (the  target  here  is 
the  Cavendish  Laboratory  with  Maxwell 
and  Rayleigh  as  early  directors)  and 
getting  (and  keeping)  enough  young 
researchers  and  support  technicians  who 
will  make  most  of  the  actual  break¬ 
throughs.  Of  course,  the  perennial 
problem  of  logistic  support  occurs,  too. 
To  operate  the  laboratories  it  is  recom¬ 
mended  that  “operation  is  more  impor¬ 
tant  than  construction,”  “academic 
atmosphere  is  more  important  than 
current  academic  standard,”  and 
“management  is  more  important  than 
current  experimental  condition.” 

863  PLAN 

This  is  the  major  plan  for  S&T 
development,  proposed  in  March  1986 
(86  =  1986, 3  =  March).  It  is  centered 
around  five  areas,  with  its  main  focus  to 
catch  up  with  advanced  technology.  Five 
areas  are  of  special  interest. 

•  Biotechnology. 

•  Information  technology  (see  below). 

•  Automation  technology  (especially 

a  demonstration  production  line  at 


Qinghua  University,  comprehensive 
automated  manufacturing  systems; 
high  performance  sensor  technol¬ 
ogy,  multiphase  system  control  tech¬ 
nology,  and  robots  for  precision  work, 
work  beyond  3(X)  meters  depth,  and 
work  in  diffieult  environments). 

•  New  materials  (especially  for  high 
temperature  and  shock  resistance, 
high  malleability,  for  power  equip¬ 
ment,  aerospace  materials,  micro¬ 
materials,  thermoplastic  resins, 
ceramic-base,  semiconductor  photo¬ 
electric,  optical  memory,  artificial 
crystals,  membrane  materials,  non¬ 
crystalline,  superconducting  mate¬ 
rials,  etc.,  to  the  late  198C)s  levels). 

•  Energy  resource  technology.  The 
Chinese  Government  has  also  initi¬ 
ated  a  “Torch  Program”  to  ensure 
that  any  advances  of  863  will  be  put 
into  commercial/industrial  use. 

INFORMATION 
TECHNOLOGY  (IT) 

A  large  number  of  articles  in  the 
Chinese  official,  popular,  and  techni¬ 
cal  literature  have  emphasized  the 
importance  of  IT  as  part  of  China’s 
High  Technology  Development  Plan, 
also  called  863  Plan  (see  above).  In 
some  articles  IT  is  described  as  the 
most  important  of  all  the  863  projects. 
The  IT  aspects  are  divided  into  three 
general  areas. 

•  Information  acquisition.  The  plan 
is  to  develop  a  broad  variety  of  infor¬ 
mation  acquisition  and  processing 
technologies  for  industrial  and  agri¬ 
cultural  needs,  espedally  in  the  areas 
ofinfrared  detection,  adaptive  opti¬ 
cal  telescopes,  imaging  radar  tech¬ 
nology  (including  satellite-carried 
synthetic  aperture  radar  and  infra¬ 
red  focal  plane  technology),  high 
speed  real-time  signal  processing, 
and  graphics. 
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•  Optoelectronics.  The  plan  is  to 
develop  all  kinds  of  novel  optoelec¬ 
tronic  devices  and  associated  sys¬ 
tem  integration  technology  for  sens¬ 
ing,  computing,  and  communications 
and  to  study  new  ways  to  fabricate 
very  large  scale  integration  (VLSI) 
in  order  to  lay  the  technical  and 
material  groundwork  for  new  infor¬ 
mation  acquisition  systems,  com¬ 
puters,  and  communication  equip¬ 
ment  It  Ls  generally  accepted  in  China 
that  if  the  20th  century  is  the  era  of 
electronic  information,  then  the  21st 
will  be  the  era  of  optoelectronic 
information. 

•  Intelligent  computing.  The  plan  is 
to  put  the  best  people  and  resources 
in  advanced  computer  technology 
and  artificial  intelligence  (AI) 
together  to  track  the  la  test  develop¬ 
ments  in  the  world,  investigate  the 
theoretical  basis  and  key  technol¬ 
ogy  of  intelligent  computers,  and 
promote  the  widespread  use  of  AI 
to  push  for  an  intelligent  computer 
industry  in  China.  Processing 


Chinese  characters  is  an  important 
part  of  many  projects  associated  with 
intelligent  computing. 

All  together  there  are  about  300 
projects,  2,500  scientists  and  techni¬ 
cians,  and  about  80  organizations.  The 
Chinese  are  definitely  attempting  to 
pool  resources  into  national  research 
centers.  For  example,  the  intelligent 
computing  work  has  been  centered  in 
the  CAS  Institute  of  Computing  Tech¬ 
nology.  About  one-third  of  the  proj¬ 
ects  have  been  completed,  and  the 
Chinese  estimate  that  about  one-quarter 
of  these  are  competitive  with  interna¬ 
tional  scientific  standards. 

The  Chinese  have  stated  that 

We  should  encourage  interna¬ 
tional  joint  R&D  activities  and 
strengthen  cooperation  among 
open  laboratories,  research  cen¬ 
ters,  research  institutes,  and 
higher  learning  institutions  in 
China.  A  unified,  orderly,  com¬ 
petitive,  and  mutually  comple¬ 
mentary  network  of  cooperation 
should  be  established. 


There  is  also  great  interest  in  having 
visiting  researchers  as  well  as  sending 
Chinese  students  to  other  countries. 
For  this,  as  well  as  other  international 
activities,  however,  some  nontechnical 
issues  are  also  relevant.  For  example, 
“We  must  intensify  their  ideological 
and  political  education  to  firm  up  their 
patriotism,  national  pride  and  confi¬ 
dence,  and  faith  in  socialism,”  etc.  As 
of  September  1990,  the  Chinese  Gov¬ 
ernment  has  broken  out  its  informa¬ 
tion  technology  project  accomplish¬ 
ments  as  shown  in  Table  1. 

The  descriptions  below  attempt  to 
give  a  very  brief  picture  of  some  of 
these  projects.  The  remarks  are  frag¬ 
mented  and  have  all  been  gathered  from 
available  documentation.  I  have  not 
had  personal  contact  with  these  proj¬ 
ects,  so  the  descriptions  may  not  be 
accurate.  I  should  note  that  the  Chinese 
scientists  I  spoke  with  were  frank  and 
realistic  about  the  status  of  their  work. 
But  in  print,  projects  are  often  described 
in  exceptionally  positive  terms.  This  is 
especially  true  for  summary  reports.  If 
readers  are  interested  I  will  attempt  to 
obtain  further  information  about 
selected  projects. 


Table  1.  The  Chinese  Government’s  Accomplishments  of 
Its  Information  Technology  Project 


Topic 

ID 

Domestic 

Leader 

Intermediate 

Results 

Design 

Final 

Disseminate 

Applications 

Total 

Intelligent 

Computing 

12 

35 

21 

21 

5 

47 

Optoelectronics 

7 

31 

33 

3 

2 

38 

Information 
Acquisition  & 
Processing 

3 

10 

8 

0 

5 

13 

Total 

22 

76 

62 

_ 1 

Ik 

12 

98 

19 
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COMPUTING.  GENERAL 

It  is  estimated  that  there  are  about 
half  a  million  PC-type  computers  in 
China,  with  about  two-thirds  of  Chinese 
manufacture,  compared  to  about  25% 
in  1981.  In  1985  about  S1.2B  was  spent 
on  computer  imports;  in  1989  this  had 
been  reduced  to  S389M.  It  is  now  hoped 
that  Chinese  systems  can  be  exported, 
perhaps  up  to  $1B  by  1995.  Production 
includes  complete  systems,  peripherals, 
monitors,  printers,  magnetic  record¬ 
ing  equipment,  as  well  as  system  and 
application  software.  A  major  thrust  of 
work  has  been  input  of  Chinese  charac¬ 
ters.  Computers  manufactured  in  China 
are  marketed  under  the  names  of 
Great  Wall,  Taiji,  Zijin,  and  Legend. 
For  example.  Legend  [Beijing  Legend 
Computer  Group,  part  of  the  Chinese 
Academy  of  Science  (CAS)]  markets 
286,  386,  386SX,  and  486  systems.  A 
386  system  (33  MHz)  has  also  been 
developed  by  CAS,  with  a  66-Mbit/s 
transfer  rate  between  memory  and 
CPU  and  a  RISC-based  floating  point 
unit.  This  system  can  be  purchased  with 
an  independently  designed  1280x1024 
color  card.  In  1990  about  lOOK  286 
motherboards  were  shipped  to  the 
United  States  and  Europe.  China's  first 
electron  tube  calculators  were  also  made 
at  CAS  in  1958-a  copy  of  a  Soviet 
model;  current  production  uses  LSI 
technology.  Changzou  Electronic 
Computer  Plant  also  markets  a  laptop 
based  on  a  4.77-MHz  80C88  and 
supports  both  Chinese  and  standard 
ASCII  characters.  Another  model  uses 
memory  ca^d  technology  ba.scd  on  an 
independently  designed  and  developed 
card. 

To  the  best  of  my  knowledge,  China 
currently  has  no  Western  supercom¬ 
puters.  However,  I  was  told  last  fall  by 
representatives  of  Convex  Computer 
that  there  were  several  sales  close  to 
finali7.ation,  and  in  March  1991  it  was 
announced  that  four  Cl 20  Convex 


minisupers  were  approved  for  sale  to 
arrive  in  late  spring.  Applications  for 
these  computers  are  seismological, 
petroleum  prospecting,  simulation  of 
oil  reserves,  and  weather.  I  do  not 
know  exactly  where  these  systems  are 
going. 

NEURAL  NETS/ 

EXPERT  SYSTEMS 

China’s  first  neural  net  conference 
was  held  in  December  1990  in  Beijing 
with  representation  from  100  Chinese 
institutions  resulting  in  over  350  tech¬ 
nical  papers  in  the  proceedings. 

The  CAS  Institute  of  Automation 
reports  that  they  have  applied  a  neural 
net  model  to  diagnosing  reactor  faults 
and  have  actually  used  this  in  practice. 

Naval  Academy  of  Engineering 
professors  have  been  promoting  the 
use  of  neural  nets  for  inference  engines, 
claiming  that  they  can  be  more  flexible 
and  fault-tolerant  and  are  more  natural 
for  learning.  They  have  also  published 
very  basic  theoretical  results  on  new 
learning  algorithms  for  multilayered 
nets  that  can  find  global  minimums. 
Other  work  has  shown  by  simulation 
(on  digitized  data  ofthc  silhouette  of  a 
U.S.  Naval  and  a  Soviet  Naval  ship) 
that  a  simple  neural  net  can  be  used  for 
ship  silhouette  recognition  indepen¬ 
dent  of  translation,  scale,  rotation,  or 
aspect  changes. 

CAS  scientists  have  developed  a 
Chinese  speech  recognition  system  using 
artificial  neural  net  concepts  and  includ¬ 
ing  a  voice-operated  text  input  system 
capable  of  recognizing  over  20K  dic¬ 
tionary  entries.  It  is  claimed  that  tone- 
recognition  is  over  99%  and  word- 
recognition  is  over  90%,  even  with 
compound  words. 

CAS  researchers  have  developed  a 
general-purpose  expert-system  lan¬ 
guage,  TUILI,  which  can  be  referenced 
from  cither  C  or  Prolog  and  is  claimed 
to  be  superior  to  Prolog. 


Qinghua  University  has  a  Chinese 
character  recognition  system  (THOCR- 
90)  that  can  handle  various  fonts, 
alphabets,  numbers,  and  other  symbols 
and  employs  neural  net  techniques  for 
pattern  matching.  Recognition  speed 
is  about  30  charactcrs/second  on  a  386/ 
33.  Another  (somewhat  faster)  system 
has  been  developed  at  Nankai 
University. 

FUZZY 

Work  in  this  area  has  been  active 
since  1979.  There  have  been  numerous 
practical  applications  and  research 
results  reported,  perhaps  more  than  in 
any  other  country  outside  of  Japan.  In 
1987  Chinese  scientists  presented  almost 
one-quarter  of  the  papers  at  an  inter¬ 
national  fuzzy  society  conference  in 
Japan,  equal  to  those  presented  by 
Japanese  attendees.  Further,  I  was  told 
that  the  (V.S.)  Journal  of  Fuzzy  Sets  and 
Systems  is  being  flooded  with  papers 
from  Chinese  scientists.  In  China,  some 
specific  applications  include  the  fol¬ 
lowing  (these  are  all  anecdotal). 

•  The  CAS  Institute  of  Semicon¬ 
ductors  has  built  almost  2  dozen 
multilogic  circuits  (two-value,  mul- 
iK'aluc,  continuous-value,  e.g.,  fuzzy). 
Chinese  researchers  arc  very  much 
aware  of  work  in  Japan  by  Yamakawa, 
who  has  built  fuzyy  logic  circuits 
using  CMOS  technology,  and  in  fact 
two  researchers  from  Tsinghua 
University  (Beijing)  report  that  they 
have  also  built  (using  5-micron 
CMOS)  various  basic  circuits  that 
they  claim  arc  simpler  and  more 
reliable  than  Yamakawa’s. 

•  The  Electronics  Industry  Comput¬ 
ing  Center  has  developed  a  fuzjy 
information  processing  command 
decision  support  system  designed 
specifically  for  u.sc  in  communica¬ 
tions  networks  used  for  military 
command  decision  support. 
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•  The  Mathematics  Department  of 
Beijing  Teachers’  University  (BTU) 
developed  a  fuzzy  inference  engine 
capable  of  15M  inferences/second. 
BTU  has  also  built  hardware  claimed 
to  be  able  to  handle  3()K  (sic)  basic 
rules  with  2,000  input/output  vari¬ 
ables  for  fuzzy-based  inference 
and  that  products  arc  being  marketed 
this  year. 

•  Beijing  Normal  University  has  pro¬ 
posed  a  new  method  for  fuzzy  infer¬ 
ence,  called  Truth-Valued  Flow 
Inference,  which  they  claim  can 
represent  knowledge  more  elTeaively 
than  traditional  fuzzy  inference. 

•  North  China  Industrial  University 
(NCIU)  did  a  6-ycar  study  on  micro¬ 
computer  fuzzy  control  theory  and 
applications. 

•  Various  papers  on  fuzzy  control 
simulation  and  adaptivencs.s  of  fuz.zy 
control  have  been  published. 

•  The  Staff  &  Workers  College  of  the 
Shanghai  Instrument  and  Meter 
Industrial  Company  has  developed 
a  proportionality-factor-typc  fuzzy 
controller  and  a  three-loop  fuzzy 
controller. 

•  Hunan  University  is  using  fuzzy 
composite  control  in  gas  smelter 
control  systems. 

•  The  Wuha  Fist  Science  Research 
Institute  of  Light  Industry  has  a  fuzzy 
control  system  for  glass  kilns. 

•  The  Handran  Resin  Plant  has  a  fuzzy 
control  system  for  the  polyvinyl¬ 
chloride  (PVC)  resin  polymcrizii- 
tion  process. 

•  The  University  of  Petroleum  used 
fuzzy  control  in  large  hysteresis 
systems  for  chemical  engineering 
processes. 


•  The  Chemical  Fertilizer  Industrial 
Institute,  Jilin  Industrial  University, 
and  the  Metal  Products  Institute 
have  used  fuzzy  control  for  com¬ 
pressor  regulation,  power  factor 
compensation,  dc  reversible-speed 
regulation,  and  a  digital  dual¬ 
frequency-channel  amplitude  fre¬ 
quency  instrument. 

•  The  Air  Force  Institute  of  Engi¬ 
neering  developed  a  fu7.zy  quant  ita- 
tive  evaluation  expert  system  for 
aircraft  maintenance. 

•  Nanjing  Univeisity  uses  fuzzy  theory 
to  analyze  evaluation  of  sound  quality 
in  high-fi  sound  systems. 

•  The  Armed  Forces  Economic  Insti¬ 
tute  used  natural  fuzzy  language  in 
expert  .systems. 

•  The  Zhenjiang  Shipping  Institute 
used  dBASE  III  to  develop  a  fuzzy 
database  inquiry  system. 

•  The  Central  China  University  of 
S&Thas  used  fuzzy  quantization  in 
knowledge  engineering. 

•  The  UniversityofS&Tfor  National 
Defense  developed  a  printed  circuit 
board  (PCB)  logic  diagram/ 
manuscript  pattern-recognition  sys¬ 
tem  in  C,  using  fuzzy  relations  among 
text  areas.  On  a  PC- AT  it  is  claimed 
to  have  a  speed  of  912  characters/ 
minute  and  an  accuracy  of  98.9%. 
Another  institute  has  also  used  fuzzy 
techniques  and  has  a  complete  system 
including  software  and  scanner  for 
installation  on  a  variety  of  micros. 

It  is  not  possible  to  know  just  how 
successful  these  projects  have  been  as 
their  descriptions  arc  often  brief,  but 
the  point  is  that  Chinese  scientists  arc 
exploringapplications  aggressively.  At 
the  same  time  there  docs  not  appear  to 
oe  much  emphasis  on  basic  research 
for  its  own  sake  in  this  area. 


PARALLEL  PROCESSING 

My  visit  did  not  lead  to  learning 
about  any  parallel  computing  except 
for  old  ELXSl  systems  that  appeared 
to  be  not  seriously  used,  but  the  litera¬ 
ture  does  describe  several  projects  of 
potential  interest. 

Wuhan  Digital  Engineering 
Research  Institute  developed  the  980 
STAR  systolic  array  computer.  This  is 
composed  of  a  host  (Intel  310, 286), 
image  subsystem,  interface  processor, 
and  systolic  computing  array.  The  lat¬ 
ter  consists  of  a  4x4  matrix  of  cells. 
Pipeline  beat  is  200  ns,  and  each  cell  is 
capable  of  10  MIPS.  Maximum  through¬ 
put  is  80  MB/s.  Various  system  soft¬ 
ware  has  also  been  developed.  This  is 
considered  mid-1980s  technology.  A 
new  model  is  currently  being  devel¬ 
oped  and  is  claimed  to  have  KM)  times 
greater  performance. 

Programming  on  China's  YH-1 
(Galaxy- 1)  supercomputer  has  been  via 
vectorized  Fortran.  (lam  trying  to  learn 
more  about  this.)  Current  work  is  also 
in  progress  to  develop  a  parallel  pro¬ 
gramming  capability,  centered  on  C. 
There  is  also  research  on  analyzing 
blocks  of  vector  Fortran  for  vector 
block  dependencies  and  a  Pascal 
scheduler  has  been  developed.  It  is 
claimed  that  some  Cray-l  calls  such  as 
VF.MUL  (vector  float  multiply  )  can 
be  reduced  from  644  to  .LSI  beats.  The 
Galaxy  is  a  KXI-MIPS  machine.  One 
specific  application  has  been  for  pro¬ 
cessing  seLsmological  data  from  sections 
taken  from  petroleum  prospexting  areas. 

The  East  China  Institute  of  Com¬ 
puting  Technology  has  a  microcom¬ 
puter  parallel  processing  system  based 
on  12  lnmosT8(M)transputers  grouped 
into  three  clusters  (boards)  and  con¬ 
nected  to  a  PC-AT.  One  processor  on 
each  cluster  is  the  main  control  pro¬ 
cessor.  Peak  performance  is  80  MIPS 
or  10  MFLOPS. 

Jiangnam  Institute  has  developed 
and  marketed  a  PC  board  insert  w  ith  an 
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Inmos  transputer  and  8-MB  RAM  and 
software  for  development. 

Qinghua  University  has  developed 
boards  with  one,  two,  or  four  transput¬ 
ers  (TTH-IA,  -2A,  and  -4A)  that  will 
plug  into  PC-ATs  and  also  has  devel¬ 
oped  a  transputer  development  sys¬ 
tem.  These  products  are  claimed  to  be 
fully  compatible  with  European  trans¬ 
puters  at  the  late  1980s  level. 

Shantou  and  Nanjing  University 
researchers  have  built  an  eight-processor 
parallel  computer  (Transcube)  built 
around  eight  Inmos  T414  transputers 
and  an  additional  1  MB  of  mcmor>'  on 
each  processor.  The  eight  processing 
elements  (PEs)  are  the  bottom  layer  of 
the  three-layer  system,  in  which  the  top 
layer  is  the  PC-AThost  and  the  middle 
layer  is  an  interface  buffer  controller. 
The  researchers  claim  that  it  is  easy  to 
expand  the  system  beyond  eight  PEs. 

Graduate  students  at  a  research 
institute  of  the  Ministry  of  Machine- 
Building  A  Electronics  Industry  have 
used  twoTl  DSP  chips  to  design  a  real- 
time  parallel  signal  processing  circuit 
for  a  pulse  doppicr  ground  surseillancc 
(moving  target)  radar.  They  claim  to 
have  solved  two  key  problems  that  had 
caased  bottlenecks  related  to  data  input 
and  synchronous  coordination  of  both 
chips  and  that  the  system  performs  at 
20M  multiplications/additions  per 
second  and  consumes  5  watts. 

Fudan  University  researchers  have 
developed  a  sea-wave  processing  sys¬ 
tem  based  on  diffraction  analysis  of 
sea-waves.  The  system  (which  runs  on 
an  XT)  can  estimate  the  spectrum  of  a 
two-dimensional  (2D)  512x512  image 
array  with  16  a/imuthal  inputs  in 
9  minutc-s  with  a  wave  direction  accuracy 
of  6°  and  18  minutes  for  .52  inputs  and 
an  accuracy  of  3° 

SOFTWARE 

RT/VMS  is  a  Chinese-developed, 
military,  real-time  operating  system. 
The  Chinese  military  feels  that  a  major 
threat  of  future  wars  will  be  from 


computer  viruses,  rather  than  tradi¬ 
tional  weapons,  and  there  has  been  a 
substantial  effort  to  study  and  elimi¬ 
nate  computer  viruses  within  China. 
(Frankly  I  had  not  thought  about  this 
before,  but  it  is  an  intriguing  view.)  RT/ 
VMS  is  claimed  to  have  innovations  in 
channel  interfacing,  job  scheduling,  low 
system  overhead,  and  hardware 
debugging  technology. 

The  Commission  of  Science,  Tech¬ 
nology,  and  Industry  for  National 
Defense  has  developed  an  Ada  com¬ 
piler  (in  C),  which  is  claimed  to  be  the 
first  Ada  compiler  to  simulate  a  multi¬ 
processor  environment  on  a  single 
processor  Unix  system.  More  than  4,(XX) 
modules  in  the  compiler  have  passed 
ACVCl. 10  verification  as  specified  by 
the  Department  of  Defense  (DOD)  in 
1989. 

CAS  has  moved  all  the  Unix  SVR3.1 
source  code  from  an  ATT 3B2  to  a  Vax 
1 1/750  by  cross  compilation  and  reverse 
engineering.  They  have  also  moved  the 
t  o  p  1  aye  rs  0  f  t  h  is  system  to  a  386/Xe  n  ix. 
CAS  claims  that  this  is  the  first  domes¬ 
tic  (Chinese)  movement  of  a  full  Unix 
system. 

ROBOTS 

•  The  CAS  reports  that  in  the  early 
1980s  they  proposed  establishment 
of  a  robot  demonstration  project 
that  began  operation  in  1989.  The 
cost  was  58M  yuan  plus  S5.9M  (U.S.) 
foreign  exchange.  This  is  now  called 
the  CAS  Shenyang  Robotics  Engi¬ 
neering  R&D  Center  and  occupies 
34,(XX)  m’  of  building  space.  The 
plan  is  to  use  this  as  a  ba.se  to  pro¬ 
duce  robots  and  develop  and  manu¬ 
facture  more  prcxlucLs.  Many  related 
projects  spring  from  this  one. 

•  A  medium-size  underwater  robot 
(Rccon-lV-.300-SlA-(G)  is  being  sold 
to  the  United  States.  This  isclaimed 
to  be  an  improvement  on  a  proto¬ 
type  brought  from  the  United  States. 
Ninety  percent  of  this  robot’s  parts 


are  of  Chinese  manufacture.  The 
robot  has  audio,  video,  sonar,  and 
two  hands  and  can  perform  five  or 
six  functions.  Closed-loop  control 
of  depth  and  direction  of  navigation 
is  included,  payload  is  160  kg,  and 
maximum  speed  is  3  knots. 

•  A  lightweight  underwater  robot 
(Gold  Fish)  also  made  in  China  is 
used  in  oil  drilling,  sea  rescue,  dam 
inspection,  and  repair. 

•  Nankai  and  Ttanjin  Universities  have 
jointly  developed  a  robot  with  vision, 
hearing,  and  touch  capability 
(NKRC-03)  can  automatically  con¬ 
trol  the  amount  of  force  when  it 
grabs  an  object.  This  is  claimed  to 
beat  the  1980s  level  world-wide  and 
state  of  the  art  in  China.  This  robot 
uses  the  NKV  robot  language  to 
allow  high  level  language  program¬ 
ming;  it  is  a  standard  second  gener¬ 
ation  robot. 

FACTORY  AUTOMATION 

The  China  Huajiing  Electronics 
group  claims  that  after  a  2-year  effort 
by  more  than  100  scientists  they  have 
developed  China’s  first  independently 
designed  integrated-circuit  computer- 
aided  manufacturing  (CAM)  system, 
consisting  of  1 1  subsystems  (planning, 
production,  management,  prcxx;ss  tech¬ 
nique,  quality  control,  economics, 
operations,  materials,  plate  making, 
statistics,  and  system  management). 

The  Beijing  Institute  of  Machine 
Tools  has  built  a  physical  simulation 
system  for  studying  the  various  soft¬ 
ware  parts  of  a  flexible  manufacturing 
system  ba.sed  on  linear  rail  guided  carLs. 
The  system  can  simulate  transport, 
loading/unloading,  control,  and  spe¬ 
cific  aspects  of  a  machining  operation. 

The  above  suggests  that  there  are  a 
great  many  projects  in  the  area  of 
manufacturing.  Most  of  these  are  related 
to  automation  and  a.ssociated  machine 
tcx)ls  and  numerical  control  equipment. 
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For  example,  last  year  the  Seeond 
Chinese  Machine  Tool  and  Instruments 
Exposition  was  held  in  Beijing,  and 
various  newly  developed  machine  tools, 
numerical  control  systems,  sensors, 
computer-aided  design  (CAD)  software 
systems,  etc.  were  on  display  (226  metal 
cutting  machines,  67  lathes,  37  grinders, 
turning  centers,  etc).  There  are,  in  fact, 
over  2,000  machine  tool  products 
manufactured  in  China,  mostly  for 
domestic  use.  However,  the  Chinese 
machine-too  building  industry  is  also 
trying  to  design  products  that  will  be 
marketable  internationally  (some  have 
been  already)  and  have  identified  sev¬ 
eral  products  that  they  claim  are  of 
world  class,  for  example,  a  six-axis,  four- 
link  bobbing  machine  computer  num¬ 
erical  control  system  that  can  be  used 
for  machining  ellipsoidal  gears.  Another 
example  is  a  unit  for  machining  small 


diameter  holes  that  is  claimed  to  be 
twice  as  fast  and  equal  in  other  specifi¬ 
cations  to  a  Raycon  (U.S.)  product. 
There  are  also  cooperative  agreements 
with  major  international  companies  such 
as  Fanuc-Bcsc,  GE,  Wcrner-Kolb,  and 
Schiess  (German).  It  is  not  necessary 
to  be  an  expert  in  this  area  to  appreci¬ 
ate  the  main  thrust,  that  the  Chinese 
want  not  only  to  become  self-sufficient 
but  also  to  become  net  exporters  of  this 
technology. 

OPTOELECTRONICS 

•  140-Mbit/s  hybrid  optical  terminal 
and  622-Mbit/s  hybrid  integrated- 
component  moduleand  distributed 
feedback  laser  diode. 


•  1.5-micron,  single-mode,  narrow- 
linewidth,  tunable  semiconductor 
laser,  semiconductor  travelling-wave 
optical  amplifier;  Er-doped  glass 
fiber  amplifier;  lithium-niobate 
optical-waveguide  high  speed  mod¬ 
ulator;  1 . 1  -  to  1.6-micron  avalanche 
photodiode  detector;  and  duplex 
frequency-division-multiplexing 
coherent  optical  communications 
devices. 

•  Various  quantum-well  optoelec¬ 
tronic  devices. 

•  Optoelectronic  integrated  circuits 
made  domestically. 

•  Superlattice  growth  of  II- VI  semi¬ 
conductors  and  fabrication  of  opti¬ 
cally  bistable  devices,  bismuth- 
silicate  spatial  light  modulator, 
molecular  beam  epitaxy  growth  of 
GaAs,  and  fabrication  of  GaAs/Si 
LEDs  and  MESFETs. 
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THE  SECOND  INTERNATIONAL 
CONFERENCE  ON  NUMERICAL 
OPTIMIZATION  AND  ITS  APPLICATIONS 


This  article  summarizes  the  Second  International  Conference  on 
Numerical  Optimization  and  Its  Applications,  held  from  24-27 June  1991 
at  Xi’an  Jiaotong  University,  Xi’an,  China.  Visits  to  the  computing  center 
at  the  Chinese  Academy  of  Sciences  (Beijing)  and  to  Fudan  University 
(Shanghai)  are  also  described. 

by  David  K.  Kahaner  and  Stephen  G.  Nash 


INTRODUCTION 

The  authors  attended  the  Second 
International  Conference  on  Numeri¬ 
cal  Optimization  and  Its  Applications, 
Xi’an  Jiaotong  University,  JG’an,  China, 
24-27  June  1991,  where  Nash  gave  a 
contributed  paper.  Kahaner  and  Nash 
gave  lectures  at  Fudan  University  in 
Shanghai.  Kahaner  lectured  at  the 
computing  center  at  the  Chinese 
Academy  of  Sciences  in  Beijing.  These 
visits  are  described  below. 

BACKGROUND  ON  XI’AN 

This  was  the  second  in  a  proposed 
series  of  conferences  on  optimization. 
The  first  was  held  in  1986,  also  at  Xi’an 
Jiaotong  University.  The  host  was 

Prof.  Zhaoyong  You 
Institute  for  Computational  and 
Applied  Mathematics 
Xi’an  Jiaotong  University 
Xi’an,  Shaanxi  710049 
People’s  Republic  of  China  (PRC) 
Tel:  86-29-33501  l,x744 
Fax:  86-29-335471 


The  entire  staff  of  the  institute,  espe¬ 
cially  Dr.  Chengxian  Xu,  worked  extra¬ 
ordinarily  hard  to  satisfy  the  require¬ 
ments  of  the  Western  attendees  and 
their  families. 

Xi’an  Jiaotong  University  is  one  of 
about  half  a  dozen  in  China  (and  one  in 
Taiwan)  with  the  name  Jiaotong 
(meaning  “transportation,”  or  “com¬ 
merce”).  The  first  was  founded  in 
Shanghai  in  1896,  and  the  Xi’an  cam¬ 
pus  was  opened  in  1956.  It  is  a  univer¬ 
sity  with  the  main  focus  on  natural 
science  and  engineering  and  second¬ 
arily  on  liberal  arts  and  management. 
Student  enrollment  in  Xi’an  is  about 
12,000  including  2,200  graduate  stu¬ 
dents.  There  are  over  2,400  faculty 
including  more  than  750  at  professor 
or  associate  professor  level.  About  250 
foreign  students  are  on  campus  from 
Canada,  France,  Germany,  Japan,  the 
Netherlands,  Poland,  Switzerland,  the 
United  Kingdom,  the  United  States, 
and  Hong  Kong.  Plans  are  to  increase 
enrollment  to  15,000  in  the  next  few 
years  with  a  corresponding  staff  increase. 

Its  campus  was  heavily  treed,  spa¬ 
cious,  and  attractive.  There  were  a 
number  of  lovely  gardens  and  foun¬ 
tains,  and  it  was  generally  an  enjoyable 


place  to  stroll.  University  buildings 
appeared  to  vary  from  brand  new  to 
1950s  vintage,  and  all  seemed  in  good 
condition  as  far  as  we  could  tell.  One 
Western  attendee  elected  to  stay  at  the 
university  guest  house,  while  the  others 
chose  an  international  hotel  a  short 
distance  away.  The  guest  house  appeared 
to  be  perfectly  satisfactory  but  lacked 
the  ambience  of  the  hotel. 

(We  should  mention  in  passing  for 
those  who  have  not  been  to  China  that 
first  class  accommodations  were  avail¬ 
able  every  place  we  visited.  Western 
hotels  such  as  the  Hyatt,  Holiday  Inn, 
and  the  Sheraton  are  common  and 
provide  a  level  of  service-and  price— 
essentially  equivalent  to  that  in  other 
countries.  Of  course,  less  expensive 
hotels  are  also  widely  available.  But 
there  is  a  discontinuity  between  the 
luxury  in  these  hotels  and  the  facilities 
used  by  working  Chinese;  this  was  very 
noticeable  in  Xi’an.  Also,  international 
hotels  use  a  special  currency  that  can 
only  be  obtained  when  visitors  exchange 
foreign  currency,  and  hence  is  not 
normally  available  to  Chinese.  Never¬ 
theless,  all  the  visitors  to  this  confer¬ 
ence  were  impressed  with  the  fact  that 
people  on  the  streets  looked,  if  not 
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prosperous,  at  least  well  clothed  and 
fed.  In  fact,  one  returning  visitor 
remarked  at  how  much  improvement 
there  had  been  since  his  last  visit.) 

Although  we  walked  around  the 
campus,  there  was  no  opportunity  for  a 
real  tour.  This  was  disappointing,  as 
the  campus  literature  lists  a  i.4M  volume 
library  with  8K  journals;  several 
university-owned  factories  (machine 
manufacturing,  electronic  devices, 
computer  manufacturing,  research  and 
teaching  facilities);  62  laboratories 
(incl  jding  structural  strength  and  vibra¬ 
tion,  metallic  strength  and  vibration, 
image  processing,  two-phase  flow, 
lubrication  and  bearing,  computer  sys¬ 
tems  and  applications,  natural  dielec¬ 
trics,  etc.);  engineering  departments 
(mechanical,  energy  and  power,  power 
machinery,  electrical,  information  and 
control,  computer  science/engineering, 
materials  science,  chemical);  as  well  as 
physics,  engineering  mechanics, 
architecture/structural  engineering, 
mathematics,  mechanology  (machine 
design  and  manufacture),  social  sci¬ 
ences,  etc.  We  were  told  that  Xi’an  has 
academic  exchange  agreements  with 
almost  30  other  universities  including 
10  in  the  United  States  and  6  in  the 
United  Kingdom,  but  we  had  no  oppor¬ 
tunity  to  meet  any  visiting  scholars. 
The  city  of  Xi’an  has  recently  become 
internationally  famous  because  of  the 
discovery,  in  1974,  of  many  thousands 
of  ancient,  life-sized,  terra-cotta  war¬ 
riors.  This  site  and  the  enormous  activ¬ 
ity  surrounding  it  are  really  wonders  of 
the  world.  Visiting  conference  attendees 
always  want  to  see  these,  and  confer¬ 
ence  organizers  now  build  such  a  trip 
into  the  schedule.  We  feel  that  it  would 
also  be  useful  to  allow  time  within  the 
scientific  program  for  a  careful  univer¬ 
sity  tour,  and  in  fact  there  appeared  to 
be  ample  slack  time  within  the  pro¬ 
gram  for  this. 

There  is  a  serious  language  prob¬ 
lem  confronting  Chinese  scientists  who 
wish  to  communicate  in  English.  The 


Western  attendees  all  agreed  that  many 
potentially  interesting  talks  were  almost 
impossible  to  follow,  although  it  was 
clear  that  the  Chinese  speakers  had 
prepared  carefully.  In  fact,  many  scien¬ 
tists  actually  read  their  papers  and  yet 
some  of  these  were  among  the  most 
difficult  to  understand.  The  printed 
papers  that  were  available  to  us  were 
acceptable,  but  a  large  fraction  would 
still  be  rejected  for  publication  in  crit¬ 
ical  journals.  In  a  perfect  world  we 
would  hope  that  Western  scholars  would 
be  willing  to  go  hallway  and  learn  a 
little  Chinese,  but  in  reality  the  language 
of  science-especially  computation-is 
English  and  the  Chinese  need  to 
continue  working  to  improve  their  skills. 
The  Western  attendees  also  felt  that, 
language  issues  aside,  the  Chinese  need 
to  spend  more  time  training  their 
younger  scientists  on  the  mechanics  of 
lecturing,  especially  with  transparencies. 
We  often  forget  that  presentation  skills 
that  are  taken  for  granted  in  the  West 
need  to  be  learned  somewhere.  The 
university  has  a  department  of  foreign 
languages  and  has  specialized  courses 
in  English  (and  Japanese)  for  science 
and  technology,  but  perhaps  science 
students  do  not  have  much  opportunity 
to  participate  in  these.  Perhaps  senior 
Chinese  scientists  could  coach  their 
younger  colleagues.  Also,  in  the  West 
we  have  many  excellent  and  experienced 
speakers,  and  we  suggest,  respectfully, 
that  a  few  simple  lectures  on  “how  to 
give  a  lecture  to  a  Western  audience” 
presented  by  well  known  Western  sci¬ 
entists  during  their  visits  to  China 
would  be  very  helpful  in  improving  infor¬ 
mation  flow  between  the  countries. 
(Needless  to  say  there  are  many  Western 
scholars  who  could  also  profit  by 
attending  such  lectures.) 

The  lectures  were  held  in  a  building 
that  was  nearly  new,  in  one  medium 
sized  lecture  room  and  two  small  class¬ 
rooms.  The  latter  had  rather  poor 
overhead  projectors.  This  caused  a  real 
problem,  as  the  combination  of  badly 


focusing  equipment  and  extremely  flimsy 
transparencies  made  a  number  of  the 
Chinese  talks  even  more  difficult  to 
follow.  Actually,  transparencies  are  very 
expensive  and  it  is  not  surprising  that 
they  are  used  economically,  but  per¬ 
haps  it  would  have  been  better  to  shave 
the  budget  in  some  other  areas  instead. 
Surprisingly,  the  building  also  had  a 
spectacular  lecture  hall  that  would 
have  been  perfect,  but  for  some  reason 
was  not  used. 

TOPIC  OF  THE 
CONFERENCE 

Numerical  optimization  has  many 
applications  throughout  the  applied 
sciences,  as  well  as  in  numerous  busi¬ 
ness  and  military  applications.  It  has 
been  an  especially  active  research  area 
in  recent  years  because  of  the  success 
of  interior  point  methods  in  linear  pro¬ 
gramming.  This  conference  aimed  to 
“further  these  developments  by  bring¬ 
ing  together  the  chief  numerical  anal¬ 
ysts,  applied  mathematicians,  opera¬ 
tions  researchers,  computer  scientists, 
and  engineers  with  interests  in  numer¬ 
ical  optimization  and  its  applications 
from  around  the  world  to  share  their 
work.” 

In  the  preliminary  program  it  was 
announced  that  there  would  be  five 
invited  talks  ftwo  from  the  People’s 
Republic  of  China,  one  from  Taiwan, 
one  from  Germany,  and  one  from 
Canada)  as  well  as  93  contributed  papers 
(most  from  China).  There  were  a  sub¬ 
stantial  number  of  changes  to  the  final 
program  regarding  the  contributed 
papers.  Revised  schedules  were  pro¬ 
duced  each  morning,  but  even  so,  there 
were  gaps  in  the  program  due  to  last 
minute  withdrawals,  absences,  or  “no- 
shows”  (by  both  foreign  and  Chinese 
speakers).  Foreigners  at  the  confer¬ 
ence  included  one  from  Taiwan,  one 
from  Germany,  one  from  New  Zealand, 
one  from  Spain,  four  from  Italy,  one 
from  Canada,  and  four  from  the  United 
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States.  Among  those  who  were  absent 
were  scientists  from  the  Soviet  Union, 
Iran,  and  Vietnam.  The  conference 
was  run  in  English,  corresponding  to 
its  designation  as  an  international  meet¬ 
ing.  Cash  prizes  were  awarded  for  the 
best  three  papers  by  young  Chinese 
researchers,  although  the  third  prize 
was  split  between  two  papers.  Prizes 
were  decided  by  a  committee  consist¬ 
ing  of  three  Chinese,  plus  L.R.  Foulds 
(New  Zealand),  WJ.  Gilbert  (Canada), 
and  chaired  by  G.  Alefeld  (Germany). 
Prizes  were  as  follows. 

First  prize-.  Huang  Zhijan,  “On  the 
Convergence  of  the  Brent  Method” 
(joint  work  with  Wang  Deren) 

Second  prize:  Wei  Bin,  “A  Class  of 
Reduced  Gradient  Methods  for  Non¬ 
linear  Programming  Problems  With 
Linear  Constraints”  (joint  work  with 
Xu  Chengxia) 

Third  prize:  (split)  Xu  Xiaojie,  “On  the 
Implementation  of  Interior-Point 
Methods  for  Linear  Programming”; 
Xu  Chen,  “Modelling  of  Flexible  Robot 
Dynamics  With  Optimal  Shape 
Functions” 

Because  the  contributed  papers  were 
sometimes  presented  in  three  parallel 
sessions,  we  were  not  able  to  hear  all 
the  talks  at  the  meeting.  The  informa¬ 
tion  below  is  based  on  the  talks  that  we 
attended,  and  the  general  comments 
(both  those  earlier  and  just  below) 
seemed  to  be  shared  by  all  the  Western 
attendees. 

Many  of  the  talks  were  outside  the 
mainstream  of  optimization  algorithms 
and  applications  as  viewed  from  the 
West.  The  algorithmic  topics  often 
seemed  old  fashioned  and  the  applica¬ 
tions  topics  esoteric  by  Western  aca¬ 
demic  standards.  There  are  a  number 
of  possible  explanations. 


(1)  The  references  in  the  papers  were 
often  to  years-old  papeis  in  Western 
journals,  perhaps  indicating  a  dif¬ 
ficulty  of  obtaining  journals 
(although,  see  the  discussion  of 
Fudan  University  below). 

(2)  The  algorithmic  research  in  China 
is  severely  constricted  by  the  lack 
of  computing  equipment.  Some 
universities  have  virtually  no  equip¬ 
ment,  while  others  only  have  a 
limited  number  of  small  machines 
(such  as  IBM  PCs,  XTs,  and  ATs, 
and  their  equivalents).  There  was 
evidence  that  a  small  number  uni¬ 
versities  had  parallel  computers 
including  at  least  a  few  Western 
machines,  such  as  ELXSI  (now 
defunct),  but  none  of  the  papers 
that  we  heard  at  the  conference, 
nor  any  of  the  individuals  we 
spoke  to,  made  use  of  these 
machines.  Thus,  there  is  a  natural 
tendency  to  “make-do”  and  adjust 
techniques  and  problems  to  those 
that  can  be  handled  on  small 
machines,  or  perhaps  just  pencil 
and  paper.  Not  surprisingly,  there 
is  a  great  deal  of  theoretical  research 
and  analysis  and  much  less  emphasis 
on  experimental  computation. 

(3)  The  applications  that  were 
described  were  frequently  con¬ 
nected  with  Chinese  manufactur¬ 
ing,  transportation,  or  distribution 
problems  and,  as  with  computing 
equipment,  in  China  many  of  these 
are  not  as  sophisticated  as  in  the 
West;  this  sometimes  led  to  what 
seemed  to  be  unusual  assumptions 
in  the  models  that  were  being  used. 
Although  we  have  seen  a  large 
amount  of  very  excellent  theoreti¬ 
cal  research  from  Chinese  scholars, 
a  heavy  emphasis  in  the  Chinese 
papers  presented  at  this  confer¬ 
ence  was  on  very  direct  and  practi¬ 
cal  applications,  optimization  of 


helicopter  rotor  blade  design,  elec¬ 
trical  power  loading,  shape  of  bel¬ 
lows,  and  river  pollution  control. 
This  is  related  to  the  focus  in  Qiinese 
research  on  using  technology  to 
solve  the  many  serious  problems 
confronting  the  country.  In  the 
West,  academic  researchers  tend 
to  be  much  more  interested  in 
developing  new  techniques  than  in 
applying  existing  ones  (even  if  very 
creatively)  to  specific  problems. 

There  was  an  intense  curiosity  among 
the  Chinese  researchers  about  work  in 
the  West.  Many  of  the  talks  demon¬ 
strated  that  these  researchers  have 
considerable  technical  and  analytic  skills 
but  lack  library  and  computing  resources 
to  support  these  skills,  or  at  least  that 
communication  between  the  research 
staff  and  these  resources  is  weak  and 
needs  to  be  strengthened. 

CONFERENCE 

PRESENTATIONS 

What  follows  are  notes  on  some  of 
the  talks  that  we  attended.  Not  all  talks 
are  mentioned  since  in  many  cases  the 
abstracts  in  the  conference  program 
provide  adequate  descriptions  of  the 
content  of  the  talks.  Speakers  are  from 
China  unless  otherwise  noted. 

•  Goetz  Alefeld  (Germany)-Recent 
results  for  the  interval-arithmetic 
version  of  Newton’s  method.  An 
analysis  of  the  divergence  (failure) 
of  Newton’s  method  when  interval 
arithmetic  is  used. 

•  Shen  Zuhe-Interval-majorant 
method  for  global  optimization  and 
its  applications.  A  review  of  various 
theoretical  results  and  algorithms 
for  global  optimization  was  given. 
These  were  extended  to  the  setting 
of  interval  arithmetic  and  the  results 
were  applied  to  a  mini-max  problem. 
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•  Massimo  Gastaldi  and  Agostino 
la  Bella  (Italy)-Optimal  growth  in 
a  multiregional  and  multisectoral 
economy.  An  attempt  to  reduce 
regional  disparities  in  the  Italian 
economy  through  optimization 
methods  and  models.  They  presented 
a  multiregional  and  multisectoral 
dynamic  model.  There  were  defi¬ 
ciencies  in  the  pure  model  (e.g., 
lack  of  data),  and  optimal  control 
tediniques  were  used  to  remedy  these 
deficiencies.  Solutions  were  then 
obtained  by  dynamic  programming, 
using  discretization  in  the  time 
variable. 

•  Sergio  Barba-Romero  (Spain)- 
Nonlinear  optimization  models  for 
the  new  Spanish  Autonomous 
Communities  financing  system. 
Starting  with  a  basic  linear  pro¬ 
gramming  model,  quadratic  con¬ 
straints  and  objective  terms  were 
added,  with  the  possibility  of 
additional  cubic  constraints  if  the 
original  augmented  model  was  inade¬ 
quate.  The  problems  were  solved 
using  GINO  on  a  microprocessor 
(the  problems  had  37  variables  and 
32  constraints). 

•  Li  Naicheng  and  Zhang  Kccun- 
Parameter  optimization  method  for 
problems  of  elastic  fluids.  Solving 
lubrication  problems  via  nonlinear 
parametric  programming,  based  on 
an  ordinary  differential  equation 
(ODE)  boundary  value  problem.  A 
guess  is  made  for  a  pressure  curve 
p(x)  (a  parametric  model),  and  then 
a  least-squares  objective  function  is 
used  to  get  a  solution.  In  this  talk 
p(x)  was  a  spline.  Numerical  solu¬ 
tions  were  obtained. 

•  Li  Yiping-Cubic  potential  for  strictly 
nonlinear  oscillators.  A  series  expan¬ 
sion  was  used  to  cope  with  two  dif¬ 
ferent  time  scales  in  the  problem. 
An  analytic  solution  was  obtained 
for  the  case  of  a  cubic  potential,  and 


the  author  considered  cubic  approx¬ 
imations  to  more  complex  potentials. 

•  Li  Pingyuan,  Pan  Xiaoqin,  and  Ding 
Peyong-On  the  corresponding 
points  of  contact,  line  of  contact, 
and  velocity  ratio  of  two  quadratic 
arcs  that  are  best  approximations  in 
involute  profiles.  This  talk  was 
concerned  with  the  manufacture  of 
gears.  Various  assumptions  and 
restrictions  were  imposed, 
apparently  because  of  the  limitations 
of  Chinese  gear-manufacturing 
equipment. 

•  Feng  Chengmin  (Taiwan)-Multi- 
objective  optimization,  theory,  and 
application.  This  was  a  survey  of 
basic  ideas  in  this  area.  There  were 
several  other  papers  on  multi¬ 
objective  optimization  presented  at 
this  conference.  The  topic  is  of 
considerable  interest  in  China,  and 
there  will  be  a  conference  in  Taipei, 
Taiwan  (Tenth  International  Con¬ 
ference  on  Multiple  Criteria  Deci¬ 
sion  Making),  19-24  July  1992,  at 
National  Chiao  Tung  University,  4F 
114  Sec  1,  Chung-Hsiao  W.  Rd., 
Taipei  100  Taiwan,  Republic  of 
China. 

•  W.J.  Gilbert  (Canada)-Newton’s 
iteration  method  and  its  general¬ 
ization.  The  speaker  looked  at  gen¬ 
eralizations  of  Newton’s  method  for 
solving  f(x) =0.  The  generalizations 
included  (a)  variants  for  multiple 
roots,  (b)  higher  order  methods, 

(c)  the  secant  method,  and 

(d)  Steffenson’s  method.  Julia  sets 
associated  with  the  convergence  of 
these  methods  were  illustrated  for 
various  polynomial  examples  in  one 
variable. 

•  S.S.  Oren  (U.S.)-Optimal  pricing 
of  delivery  priority  and  spec  levels 
for  semiconductor  products.  The 
speaker  developed  a  model  for  set¬ 
ting  prices  of  custom  VLSI  chips. 


The  formulation  was  a  nonlinear 
programming  problem.  The  model 
was  based  on  the  fact  that  chips  are 
not  uniform  (they  vary  in  speed,  for 
example),  but  this  cannot  be  deter¬ 
mined  until  after  manufacture. 

•  Dorit  Hochbaum  (U.S.)-The  empir¬ 
ical  performance  of  a  polynomial 
algorithm  for  constrained  nonlinear 
optimization.  The  speaker  consid¬ 
ered  a  nonlinear  programming 
problem  with  a  separable,  convex 
objective  function  and  linear  inequal¬ 
ity  constraints.  Some  complexity 
results  were  derived  based  on  a  dis¬ 
cretization  of  the  variables  in  a 
bounded  interval. 

•  Yue  Ming-Cone  duality  theorem 
of  semi-infinite  programming  prob¬ 
lem  and  relative  algorithm.  The 
speaker  considered  a  semi-infinite 
linear  programming  problem,  where 
all  the  points  must  lie  in  a  closed 
convex  cone.  The  dual  problem  was 
derived.  Under  strong  assumptions, 
some  further  results  were  derived 
in  the  nonlinear  case. 

•  Stephen  G.  Nash  and  Ariela  Sofer 
(U.S.)-A  general  purpose  parallel 
algorithm  for  unconstrained 
optimization. 

•  Gao  Li-An  algorithm  for  one-sided 
Huber  optimization  with  applica¬ 
tions  to  circuit  design  centering. 
Huber  optimization  is  a  combina¬ 
tion  of  L-1  and  L-2  optimization 
which  seems  particularly  useful  in 
those  cases  where  the  sign  of  the 
error  at  the  data  values  is  impor¬ 
tant.  The  basic  algorithm  also 
switches  between  a  trust-region 
Gauss  Newton  method  and  a  Quasi- 
Newton  method. 

•  Wang  Shiding-Research  on  opti¬ 
mal  long  term  scheduling  of  an 
irrigation-electric  power  reservoir. 
There  are  over  85,000  reservoirs  in 
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China.  Using  an  Ip  model  the  author 
claims  to  have  been  able  to  increase 
total  electrical  output  4%-5%  along 
one  particular  river. 

•  TianFengwei--A  new  algorithm  for 
optimal  streamflow  regulation  of 
cascade  hydro  reservoir  systems.  A 
combination  of  well  known  methods, 
but  the  application  was  claimed  to 
improve  output  about  7%  along  one 
river. 

•  Tian  21hiyuan--Convergence  of 
simplex  method  for  two-variable 
functions.  This  title  refers  to  the 
Nelder-Mead  direct  search  method 
for  unconstrained  nonlinear  mini¬ 
mization.  Convergence  was  estab¬ 
lished  for  certain  two-variable 
problems. 

•  Yang  Boting-The  software  pack¬ 
age  of  optimum  design  for  valve 
gear  mechanism  of  internal  com¬ 
bustion  engines.  This  paper  describes 
a  software  package  for  Cyber 
machines,  of  more  than  10,000  lines 
of  Fbrttan-77.  The  speaker  presented 
many  numerical  results  indicating 
that  the  software  accurately  models 
this  complex  system.  It  was  very 
difficult  to  determine  the  actual 
optimization  methods  that  were  in 
use,  but  if  the  results  are  valid  this 
package  might  be  of  practical  inter¬ 
est  in  the  automotive  industry. 

•  Hu  Xinsheng-Complementarity 
problem  of  set  functions  and  its 
application  in  nondifferentiable 
optimization.  Some  theoretical 
results  on  set-valued  functions.  The 
results  were  applied  to  nonsmooth 
optimization  problems,  with  com¬ 
putational  results  on  an  IBM  PC. 

•  F.  Facchinei  and  S.  Lucidi  (Italy)- 
On  the  solution  of  simple  constrained 
optimization  problems  by  an  exact 
penalty  approach.  The  authors 


considered  the  problem  of  minimiz¬ 
ing  a  nonlinear  function  subject  to 
either  (a)  bounds  constraints  or 
(b)  nonnegativity  constraints  plus 
the  restriaion  that  the  variables  sum 
to  unity.  This  was  solved  via  an  aug¬ 
mented  Lagrangian  approach  (i.e., 
using  a  differentiable  exact  penalty 
function). 

•  Fu  Li-The  approximating  exact 
penalty  function  method.  An  exact 
penalty  function  was  derived  using 
general  norms  for  the  penalty  terms. 

•  Pen  Benchen-The  application  of 
optimum  method  in  wing  structure 
D-design  of  airplane.  This  was  a 
very  brief  introduction  to  a  soft¬ 
ware  system  (over  70K  lines)  devel¬ 
oped  since  the  late  1970s. 

•  Guo  Dinghe  and  Zhang  Kecun- 
Numerical  method  for  conditional 
variational  problem  with  double 
objectives.  TTiis  talk  was  concerned 
with  the  design  of  a  lens.  Two  objec¬ 
tive  terms  were  used  to  control 
spherical  and  chromatic  aberration. 
The  problem  was  solved  via  para¬ 
metric  programming. 

FINAL  COMMENT 

Meetings  such  as  this,  held  in  far 
away  and  exotic  places,  have  a  special 
fascination  to  Westerners.  But  with 
language,  culture,  climate,  and  time 
differences,  partidpating  in  them  is  plain 
hard  work,  and  sometimes  the  scien¬ 
tific  rewards  are  not  obvious  at  first. 
Nevertheless,  visiting  attendees  are 
important  to  their  hosts  and  hence 
have  a  significant  responsibility  to 
them  and  to  their  scientific  peers.  This 
responsibility  is  best  discharged  by  active 
participation  and  attendance.  Prof. 
Goetz  Alefeld  (Germany)  deserves 
special  commendation;  he  was  in  con¬ 
stant  attendance  and  provided  almost 
nonstop  encouragement  and  suggestions 


to  younger  Chinese  scientists.  We  also 
think  that  U.S.  funding  agendes  should 
ask  for  full  accounting  from  Western 
attendees,  intellectual  as  well  as  financial 

FUDAN  UNIVERSITY, 
SHANGHAI 

On  3  July  we  visited  Fudan  Univer¬ 
sity  in  Shanghai.  Our  host  was 

Prof.  Erxiong  Jiang 

Chairman  and  Prof,  of  Department 
of  Mathematics 

Fudan  University,  Shanghai 

PRC 

Tel:  5491427 

Fax:  5453039 

although  he  was  not  at  Fudan  on  the 
day  of  our  visit  (Kahaner  met  Prof. 
Jiang  the  day  before  in  Beijing  at  the 
Academy  of  Sdence).  Instead,  we 
were  escorted  by  Prof.  Cao  Zhi-Hao, 
also  in  the  mathematics  department  at 
Fudan. 

Shanghai  is  said  to  be  the  industrial 
heart  of  China,  comparable  to  Chicago 
in  the  United  States.  It  was  certainly 
highly  industrialized  and  crowded.  Our 
visit  coincided  with  several  weeks  of 
heavy  rains  and  the  resulting  serious 
flooding,  so  most  of  our  movements 
were  restricted. 

We  had  both  been  asked  to  give 
lectures,  and  then  were  shown  around 
the  university.  This  was  between  ses¬ 
sions,  and  the  campus  had  the  typical 
look  associated  with  that  period  every¬ 
where  in  the  world.  Our  original  plan 
was  to  spend  the  afternoon  and  evening 
with  university  staff,  but  weather  prob¬ 
lems  curtailed  this,  and  we  had  much 
less  interaction  than  we  would  have 
liked.  The  lectures  were  primarily 
attended  by  about  15-20  students,  who 
characteristically  had  very  few  ques¬ 
tions.  There  was  also  a  serious  lan¬ 
guage  problem.  By  now,  Kahaner  has  a 
reasonable  amount  of  experience  giv¬ 
ing  lectures  in  English  to  nonnative 
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speakers,  but  he  felt  that  a  large  frac¬ 
tion  of  the  lecture  content  was  lost. 
And  generally,  he  believes  that  the  level 
of  English  knowledge  in  China  is  much 
lower  than  in  Japan,  even  among  rela¬ 
tively  well  traveled  senior  scientists.  In 
fact,  we  were  told  that  senior  (hence 
older)  scientists  are  more  likely  to  be 
comfortable  speaking  Russian  than 
English. 

A  short  campus  tour  included  the 
Mathematics  Library  and  the  Comput¬ 
ing  Center.  The  library  had  an  exten¬ 
sive  collection  of  journals  and  books, 
both  Chinese  and  foreign.  Although 
some  of  the  foreign  journals  were  orig¬ 
inals,  most  were  reproductions  includ¬ 
ing  copies  of  SIAM,  ACM,  IEEE, 
Elsevier,  and  others.  We  were  told  that 
there  is  insufficient  funding  to  pur¬ 
chase  these  journals  for  all  the  univer¬ 
sities  at  international  foreign  exchange 
rates.  Instead,  one  subscription  is  pur¬ 
chased  by  the  Chinese  Government, 
and  this  is  then  used  for  widespread 
copying.  At  the  time  we  examined  library 
shelves  (July  1991),  these  copied  jour¬ 
nals  were  well  stocked  through  the  end 
of  1990.  We  were  also  told  that  some 
original  journal  issues  were  provided 
by  professors  who  are  on  journal  edi¬ 
torial  boards  and  receive  free  sub¬ 
scriptions.  The  collection  of  foreign 
books,  however,  appeared  to  consist 
exclusively  of  originals.  There  was  evi¬ 
dence  that  many  new  books  were  enter¬ 
ing  the  library,  consisting  of  typical 
research  monographs  that  one  would 
expect  in  such  a  library,  but  also  some 
more  unusual  titles  (Statistics  for 
Lawyers)  that  are  surprising  given  the 
stated  tight  budgets. 

We  were  interested  in  the  issue  of 
journals  because  it  related  directly  to 
intellectual  property  rights  (IPR)  and 
also  to  every  scientist’s  desire  for  full 
and  free  flow  of  information.  There 
are  various  perspectives  on  protection 
of  intellectual  property,  with  some  claim¬ 
ing  that  socialist  enterprises  shouldn’t 
adopt  patents,  or  that  patent  laws 
would  mostly  benefit  foreigners  because 


there  are  fewer  inventions  in  China. 
These  worries  have  proved  unnecessary 
and  China  is  striving  to  improve  IPR. 
However,  there  are  several  departments 
charged  with  patent,  trademark,  and 
copyright  protection  in  China,  and  this 
slows  down  any  changes.  Even  with 
new  laws  concerning  IPR,  violation  of 
property  rights  is  still  common.  Tang 
Zongshun,  consultant  to  the  State 
Council  and  vice-chairman  of  the  China 
branch  of  the  International  Associa¬ 
tion  for  Intellectual  Property  Protec¬ 
tion,  feels  the  key  question  is  how  to 
enforce  and  coordinate  existing  laws 
effectively. 

We  asked  two  ex-presidents  of  SIAM 
their  opinions  on  journal  copying.  Here 
are  their  personal  opinions.  Prof. 
Gene  Golub  (Stanford): 

The  problem  of  exchanging  jour¬ 
nals  with  third-world  countries 
has  plagued  us  for  some  time.  I 
don’t  know  what  to  do  at  this 
time,  but  we  shouldn’t  be  pas¬ 
sive  and  do  nothing.  The  only 
thing  I  can  think  of  is  to  publish 
some  international  journals  and 
then  use  the  profits  for  sending 
journals.  Does  the  American 
Mathematical  Society  have  any 
policy?  Here’s  a  place  where  the 
mathematical  societies  might 
cooperate.  I  think  there’s  a  real 
need  to  begin  to  communicate 
with  third-world  organizations. 
Perhaps  this  can  only  be  done 
through  governmental  channels. 

Dr.  Bill  Gear  (formerly  University  of 
Illinois,  now  NEC): 

At  the  moment  individuals  in 
countries  with  the  economic  sit¬ 
uation  of  China  cannot  afford  to 
subscribe  to  journals  such  as  those 
of  SIAM,  even  if  we  reduced  the 
costs  to  the  point  we  were  losing 
money  on  each  cxipy.  Unless  the 
membership  expressed  a  strong 
interest  in  proving  significant 


economic  support  to  scientists 
in  other  countries,  it  seems  to 
me  that  the  officers’  flduciaiy 
responsibilities  to  members  do 
not  permit  them  to  subsidize 
particular  groups  in  a  major  way. 

On  the  other  hand,  I  suspect  that 
most  members  would  want  to  be 
as  helpful  as  possible  to  individ¬ 
ual  scientists  and  give  them  access 
to  international  scientific  publi¬ 
cations.  Thus,  while  a  country  is 
in  a  state  such  that  there  is  no 
prospect  for  its  scientists  to  get 
journals  any  other  way,  I  person¬ 
ally  would  not  want  to  see  pres¬ 
sure  mounted  to  stop  the  pro¬ 
cess  of  reproducing  journals 
internally  for  distribution  to 
libraries.  I  imagine  that  the  PRC 
Government  can  produce  copies 
far  less  expensively  than  we  can 
in  the  U.S.  However,  I  would 
like  to  see  agreements  concern¬ 
ing  such  distribution.  These 
should  specify  the  extent  to  which 
distribution  is  permitted  and 
some  payment  to  offset  the  costs 
of  production  of  the  original. 
Any  distribution  outside  of  the 
country  should  be  banned.  Pay¬ 
ments  could  be  based  on  the 
economic  situation  in  the  coun- 
tiy  and  be  renegotiated  from  time 
to  time. 

Fudan  University  has  a  computing 
center,  and  we  were  taken  on  a  tour  by 
Prof.  Chen  Jing  Hai,  who  is  its  director. 
He  led  us  to  understand  that  this  resource 
is  not  made  available  to  all  depart¬ 
ments  of  the  university.  Instead,  it  is 
associated  with  the  Computer  Science 
Department,  and  the  Mathematics 
Department  does  not  seem  to  have 
ready  access  to  the  equipment.  The 
equipment  includes  dozens  of  personal 
computers  (IBM  PCs,  XTs,  and  ATs,  as 
well  as  the  Chinese  Great  Wall  equiv¬ 
alents),  an  older  Honeywell  mainframe, 
a  Hewlett-Packard  minicomputer,  as 
well  as  terminals,  tape  and  disk  drives. 
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and  printers.  There  were  one  or  two 
Unix  workstations.  We  were  not  shown 
any  examples  of  the  projects  in  prog¬ 
ress  at  the  university.  Also,  the  center 
was  not  in  wide  use  the  day  we  visited, 
but  this  could  be  because  it  was  sum¬ 
mer  and  classes  were  not  in  session. 

COMPUTING  CENTER. 
ACADEMY  OF  SCIENCE 

Kahaner  visited  here  on  2  July.  His 
host  was 

Prof.  Zhong-ci  Shi 
Prof,  of  Mathematics  and  Director 
of  the  Computing  Center 
Academia  Sinica 
P.0. 30x2719 
Beijing,  PRC 

Tel;  4-86-1-283967  (office) 
4-86-1-2562192  (home) 

Fax:  4-86-1-2562485 

Email:  bmaacc@ica.beijing.canet.cn 

Prof.  Shi  is  also  the  vice-president  of 
the  Chinese  Mathematical  Society  and 
the  head  of  the  National  Laboratory  of 
Scientific  and  Engineering  Comput¬ 
ing.  He  and  Kahaner  met  at  an  interna¬ 
tional  conference  in  Japan  in  1990.  Shi 
is  well  known  for  his  work  on  analysis 
of  finite  element  methods  for  partial 
differential  equations,  although  this  is 
highly  theoretical.  He  has  traveled 
widely,  and  in  fact  was  leaving  soon 
after  for  a  SIAM  meeting  in  Washington, 
DC.  He  is  also  responsible  for  general 
purpose  computing  at  the  Chinese 
Academy  of  Science  (CAS),  which  is  in 
reality  a  large  collection  of  research 
institutes.  Shi  told  me  that  there  are 
about  80,000  students  and  researchers 
in  and  around  Beijing  at  institutes  and 
universities. 

The  CAS  computer  center  is  about 
25  years  old,  and  not  only  encompasses 
the  computers  but  also  almost  500  staff, 
including  more  than  300  researchers 
and  technicians  of  which  about  100  are 
equivalent  to  either  full  or  associate 


professor  level.  Thus  the  center  not 
only  provides  computer  service  but  also 
performs  teaching  and  research  in 
computational  mathematics,  applica¬ 
tions,  computer  science,  networking, 
Chinese  character  processing,  etc.  In 
addition,  it  is  also  responsible  for  the 
establishment  of  a  scientific  database 
system,  which  is  considered  a  national 
key  project.  This  involves  work  on 
about  20  scientific  databases  in  chem¬ 
istry,  physics,  biology,  geography,  etc., 
which  will  eventually  be  implemented 
on  a  large  distributed  system.  About 
15  master’s  and  10  Ph.D.  students  are 
admitted  each  year,  and  there  are  also 
a  few  post-doctoral  students. 

Hardware  at  the  center  is  currently 
based  on  two  IBM  mainframes,  a  4341 
and  4361.  Prof.  Shi  explained  to  me 
that  the  actual  computer  center  was 
shut  down  because  various  rooms  were 
being  moved,  and  about  the  only  com¬ 
puter  related  material  Kahaner  saw  was 
a  large  stack  of  floor  panels.  But  sev¬ 
eral  Convex  C120  systems  have  recently 
been  sold  to  China,  so  it  is  a  good  bet 
that  one  of  them  will  be  installed  here. 

Shi  explained  that  there  are  a  num¬ 
ber  of  major  research  projects,  oriented 
around 

•  Mathematical  physics  (Hamiltonian 
systems-see  below,  fluid  mechan¬ 
ics,  quantum  chemistry,  structural 
analysis,  seismic  exploration) 

•  Numerical  solution  of  partial  dif¬ 
ferential  equations  (finite  element, 
variational,  multigrid,  and  bound¬ 
ary  element  methods) 

•  Software  for  science,  engineering, 
and  statistics 

•  Optimization  (interior  point  and 
trust  region  methods) 

•  Inverse  problems 

•  Computational  geometry 


•  Computer  algebra  for  ciyptography 

•  Chinese  character  I/O 

•  Parallel  algorithms 

•  Fourth  generation  computer 
languages 

as  well  as  some  unusual  projects  such 
as  Lie  algebras  and  numerical  methods 
for  pharmacology.  There  are  also  sev¬ 
eral  journals  including  the  Journal  of 
Computational  Mathematics  (in  English) 
and  an  English  translation  ol  the  Chinese 
Journal  of  Numerical  Mathematics  and 
Applications. 

Kahaner  was  particularly  interested 
in  available  scientific  software.  The 
center  subscribes  to  IMSL  (U.S.)  and 
NAG  (U.K)  and  also  has  its  own  libtaiy 
in  mathematics  (STYR),  statistics 
(SASD),  and  computational  physics 
(CPS).  For  example,  STYR,  which  is 
the  responsibility  of  Cui  Fun-Zhi  (Tel: 
256-3753)  at  the  same  address  as  Shi, 
has  over  300  user  callable  modules 
(almost  700  modules  total)  written  in 
Fortran-77  and  made  available  on  PCs 
under  DOS,  Unix,  and  OS/2  as  well  as 
the  center’s  mainframes  in  the  follow¬ 
ing  categories. 

•  Special  functions 

•  Fast  Fourier  transform  (FFT) 

•  Splines 

•  Quadrature  (one  dimensional  and 
multiple) 

•  Eigenvalues  and  eigenvectors 

•  Nonlinear  equations 

•  Least  squares 

•  Roots 

•  Linear  and  nonlinear  programming 
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•  Optimization  (constrained  and 
unconstrained) 

•  Ordinary  differential  equations 

•  Matrix  and  vector  computation 

•  Graphics,  including  surfaces 

•  Machine  parameters  and  error 
handling 

Thus,  it  looks  to  be  functionally  similar 
to  large  software  collections  in  the  West, 
such  as  the  SLATEC  library,  which  is 
used  at  the  major  Department  of  Energy 
(DOE)  laboratories  and  other  places. 
Kahanerwas  told  that  several  Japanese 
scientists  collaborated  on  this  work, 
and  it  has  some  relationship  to  the 
NUMPAC  project  from  Nagoya  and 
Chubu  Universities. 

Also  at  the  Academy  was 

Prof.  Kang  Feng 

Honorary  Director,  Academia  Sinica 
Computing  Center 
P.O.  80x2719 
Beijing,  PRC 

Tel:  +86-1-289001  (office) 
+86-1-285203  (home) 

Prof.  Feng  is  also  an  ex-president, 
Chinese  Society  of  Computational 
Mathematics.  Since  the  early  1960s  he 
has  been  interested  in  Hamiltonian 
dynamics.  By  that  we  mean  the 
description  of  the  motion  of  an  n-degree 
of  freedom  system  by  use  of  the  2n 
ordinary  differential  equations 
describing  the  first  partials  of  the  system’s 


Hamiltonian.  The  geometrization  of 
these  ideas,  developed  by  Poincare,  has 
been  named  “symplectic  geometry.” 
Virtually  all  real  physical  systems  with 
negligible  dissipation  can  be  cast, 
somehow,  into  Hamiltonian  form,  and 
Feng  and  his  collaborators  are  con¬ 
vinced  that  this  is  a  fruitful  starting 
point  for  development  of  numerical 
methods.  They  have  a  substantial  col¬ 
lection  of  papers  (in  English)  describ¬ 
ing  the  ideas  and  a  few  in  which  symplec¬ 
tic  Runge-Kutta  and  leap-frog  schemes 
are  used  to  integrate  the  nonlinear 
oscillator  and  even  more  difOcult  sys¬ 
tems,  with  excellent  results  over  long- 
times.  Feng’s  first  papers  on  symplectic 
difference  schemes  appeared  in  1984. 
Kahaner  was  not  aware  of  this  work 
before.  It  is  really  excellent  and  deserves 
to  be  much  better  known  in  the  West. 
One  accessible  reference  is  the  follow¬ 
ing:  Feng  Kang  and  Qin  Meng-shzo, 
“Hamiltonian  algorithms  for 
Hamiltonian  systems  and  a  compara¬ 
tive  numerical  study,”  in  Computer 
Physics  Communications  65,  173-187 
(1991). 

Feng  was  also  very  interested  in 
Japanese  research  on  parallel  comput¬ 
ing.  Kahaner  was  not  made  aware  of 
any  Chinese  work  on  parallel  compu¬ 
tation,  except  of  a  veiy  theoretical  nature, 
and  feels  that  this  mostly  stems  from 
lack  of  access  to  suitable  platforms. 
Chinese  scientists  are  aware  that  they 
are  far  behind  in  this  area  and  that 
there  is  a  substantial  “spin-up  cost” 
that  they  will  eventually  have  to  pay. 
The  few  Chinese  parallel  processing 
projects  we  read  about  are  either 


based  on  transputer  systems  that 
researchers  are  configuring  themselves 
or  on  old  ELXSI  hardware.  Lack  of 
electronic  networks  prevents  remotely 
based  researchers  from  accessing 
even  these  systems. 

One  of  the  most  interesting  aspects 
of  this  part  of  the  visit  was  the  fact  that 
some  Chinese  institutions  ARE  begin¬ 
ning  to  have  electronic  mail.  This  is 
still  in  a  very  undeveloped  state  com¬ 
pared  to  Western  countries,  but  as  all 
of  us  who  use  this  kind  of  communica¬ 
tion  know,  it  is  an  essential  ingredient 
in  timely  information  flow.  For  many  it 
would  be  difficult  to  imagine  life  with¬ 
out  Email. 


Stephen  G.  Nash  is  an  associate 
professor  in  the  Operations  Research 
and  Applied  Statistics  Department 
at  George  Mason  University.  He 
graduated  in  June  1982  from  Stanford 
University  with  a  Ph.D.  in  computer 
science;  he  obtained  his  B.Sc.  degree 
in  mathematics  from  the  University 
of  Alberta  in  May  1977.  Before  join¬ 
ing  George  Mason  University,  he 
was  an  assistant  professor  in  the 
Mathematical  Sciences  Department 
at  The  John  Hopkins  University.  I*ro£ 
Nash’s  research  interests  are  in 
numerical  analysis,  particularly  linear 
algebra  and  function  minimization. 
His  book.  Numerical  Methods  and 
Software  (coauthored  by  David 
Kahaner  and  Qeve  Moler),  was 
published  in  the  &11  of 1988.  Asecond 
book,.4  History  of  Sdentific  Conyjuting, 
appeared  in  19^. 
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ARTIFICIAL  INTELLIGENCE  BASED 
MEASUREMENT  AND  CONTROL 


A  summary  of  the  Eighth  International  Symposium  on  Artificial 
Intelligence  Based  Measurement  and  Control  (AIMaC’91 ), 
12-16  September  1991,  Kyoto,  Japan,  is  given. 

by  David  K.  Kahaner 


INTRODUCTION 

The  Eighth  International  Sympo¬ 
sium  on  Artificial  Intelligence  Based 
Measurement  and  Control  (AIMaC91) 
is  a  spin-off  meeting.  Earlier  in 
September  (5-10  September),  the 
International  Measurement  Confedera¬ 
tion  (IMEKO)  held  a  large  World 
Congress  XII  in  Beijing.  A  special 
interest  group,  the  Technical  Committee 
on  Measurement  Theory  (TC7),  spon¬ 
sored  AIMaC’91.  Locally,  the  meeting 
was  organized  (and  held  at  Ritsumeikan 
University  in  Kyoto)  by  the  Society  of 
Instrument  and  Control  Engineers  of 
Japan  (SICE),  a  body  with  9,000  plus 
members.  This  was  the  eighth  AIMaC 
symposium;  the  earlier  meetings  give  a 
fair  sense  of  the  center  of  gravity  of  the 
membership. 


Year 

Location 

1969 

Czechoslovakia 

1971 

Hungary 

1973 

East  Germany 

1975 

The  Netherlands 

1976 

United  Kingdom 

1978 

U.S.S.R. 

1979 

U.S.S.R. 

1981 

Yugoslavia 

1982 

East  Germany 

1984 

Italy 

1986 

West  Germany 

1987 

Hungary 

1990 

West  Germany 

Thus,  until  this  year,  the  activities 
of  TC7  were  essentially  all  European. 
The  TC7  committee  that  plans  these 
meetings  is  composed  of  about  20  sci¬ 
entists  from  18  countries  including  the 
United  States.  This  year’s  meeting  saw 
about  150  scientists  from  21  countries 
come  together  in  Kyoto,  Japan,  to  lis¬ 
ten  to  6  plenary  lectures,  10  invited 
papers,  and  more  than  75  submitted 
papers.  (About  half  the  participants 
were  local,  Japanese.)  There  was  also 
a  very  small  vendor  exhibit,  with  about 
a  dozen  displays  showing  a  variety  of 
test  equipment  and  a  fuzzy  hardware 
system  for  the  appraisal  of  orthodontic 
results  from  Rohm.  Other  than  myself, 
I  was  only  able  to  locate  one  other  U.S. 
participant.  The  main  topic  of  the  cur¬ 
rent  symposium  was  intelligent  mea¬ 
surement,  i.e.,  using  the  computational 
power  of  today’s  smart  chips  to  develop 
“intelligent  sensors”  and  to  utilize  AI 
techniques  in  modeling,  design,  man¬ 
agement,  operation,  diagnosis,  etc. 
Further  details  about  this  symposium, 
as  well  as  forthcoming  ones,  can  be 
obtained  from 

Prof.  Komyo  Kariya 
AIMaC’91  Executive  Committee 
Faculty  of  Science  and  Engineering 
Ritsumeikan  University 
56-1  Tojiin-kita 
Kita-ku,  Kyoto  603,  Japan 
Tel:  +81-75-465-1111 
Fax:  +81-75-465-1209 


LOCATION  OF 
THE  SYMPOSIUM 

The  symposium  was  held  at 
Ritsumeikan  University,  a  private  uni¬ 
versity  in  the  northeast  part  of  Kyoto, 
within  walking  distance  of  many  famous 
sites.  Ritsumeikan  was  established  in 
1895,  but  only  in  the  past  few  years  has 
it  begun  to  establish  itself  with  gradu¬ 
ate  programs.  Even  so,  it  still  has  only 
a  few  hundred  graduate  students, 
although  it  has  more  than  20,000  under¬ 
graduates  as  well  as  a  few  thousand 
who  go  at  night.  Over  the  years, 
Ritsumeikan  has  awarded  almost 
150,000  bachelor’s  degrees,  1,800 
master’s  degrees,  and  160  Ph.D  degrees. 
It  now  has  active  graduate  programs  in 
business  administration,  arts  and  phi¬ 
losophy,  and  various  aspects  of  inter¬ 
national  studies.  Graduate  programs 
in  science  and  engineering  are  in  place 
and  growing.  (Incidentally,  it  has  recently 
been  projected  that  by  the  year  2005, 
Japan  will  be  lacking  480,000  scien¬ 
tists  and  engineers-300,000  in  engi¬ 
neering,  130,000  in  science,  and  40,000 
in  medical  science/pharmacy,  while  it 
will  have  a  33,000  person  oversupply  of 
liberal  arts  graduates.)  Ritsumeilran  has 
a  1.4  million  volume  library  and  a 
special  depository  of  United  Nations 
associated  volumes,  numbering  about 
40,000  plus  documents.  For  me,  one  of 
the  interesting  aspects  of  the  university 
is  the  degree  to  which  it  has  become 
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international;  there  are  exchange  agree¬ 
ments  with  over  a  dozen  large  universi¬ 
ties  in  the  United  States,  Canada,  the 
United  Kingdom,  France,  Germany, 
Poland,  the  U.S.S.R.,  China,  and 
Australia.  Most  of  this  is  new;  there  are 
only  about  300  non- Japanese  students, 
mostly  from  Taiwan,  Korea,  China, 
and  Malaysia.  But  in  September  1991 
about  100  Ritsumeikan  students  will 
spend  an  academic  year  at  the  University 
of  British  Columbia,  Canada.  The 
campus  is  attractive,  with  some  (not 
all)  new  buildings  (including  the  one  in 
which  the  symposium  was  held). 
Although  at  the  moment  there  are  very 
few  Western  students,  those  looking 
for  a  Japanese  experience  should 
consider  it.  For  additional  information, 
contact 

Dr.  Masateru  Ohnami 
President,  Ritsumeikan  University 
56-1  Tojiin-kita 
Kita-ku,  Kyoto  603,  Japan 
Tel:  -f81-75-465-llll 

COMMENTS 

“Sensible”  Sensors 

The  distinction  between  sensors  and 
computers  is  narrowing,  and  in  some 
situations  it  might  have  already  disap¬ 
peared.  Several  perfect  examples  of  this 
were  given  by 

Shoei  Kataoka 
VP  Research 
Sharp  Corp. 

Corporate  R&D  Group 
273-1  Kashiwa 

Kashiwa-shi,  Chiba  277,  Japan 

who  gave  one  of  the  plenary  lectures 
and  described  two  of  his  company’s 
research  projects.  (Kataoka  also  com¬ 
mented  that  part  of  the  research  was 
funded  by  a  recently  ended  10-year 
Ministry  of  International  Trade  and 
Industry  (MITI)  project.  Fundamental 
Technology  for  the  Next  Generation, 


and  that  the  type  of  research  and  results 
proved  that  “it  was  untrue  that  Japanese 
research  is  only  in  applied  R&D  areas.”) 

Kataoka  focused  on  what  he 
termed  “sensible”  sensors.  These  are 
devices  that  combine  physical  sensors; 
actuators  that  incorporate  feedback 
from/to  the  sensors;  and  a  module  that 
allows  deduction,  learning,  and  abstrac¬ 
tion.  Such  a  sensor  is  linked  to  a  large 
knowledge  database  and  also  to  a  human 
(perhaps  remotely).  Kataoka  hopes  that 
this  type  of  sensor  could  be  used  to 
detect  such  things  as  emotion  by  exam¬ 
ining  a  real  time  image  of  a  person  and 
extracting  information  about  tension, 
anger,  joy,  age,  etc.  Of  course,  we  are 
not  at  that  stage  yet,  but  the  sensors 
Kataoka  showed  illustrated  how  far 
we  have  come  from  the  days  of  analog 
voltmeters. 

Three-Dimensional  (3D)  image 
Sensor  on  a  Chip.  Kataoka  made  a 
very  simple  point  that,  without  dis¬ 
missing  the  unsolved  technical  prob¬ 
lems,  two-dimensional  (2D)  integrated 
circuits  (ICs)  are  bound  to  be  less  effi¬ 
cient  than  three-dimensional  ones  by 
showing  photographs  of  two  Sharp 
facilities,  one  a  sprawling  factory  in 
Tennessee  and  another  an  office  build¬ 
ing  in  Tokyo;  the  latter  has  shorter 
paths,  has  a  higher  packing  density,  is 
multifunction,  etc.  Sharp  is  now  work¬ 
ing  on  its  second  prototype  of  a  four- 
layer,  14.3-mm^  chip  fabricated  by  sili¬ 
con  on  insulator  (SOI)  technology,  with 
about  280K  devices.  The  top  layer 
(fourth)  has  55,000  photo  diodes  and 
acts  as  an  imager,  i.e.,  an  optical-to- 
electronic  conversion  (what  used  to  be 
the  “sensors”)  of 420  pixels  per  charac¬ 
ter.  This  represents  a  10x14  bit  charac¬ 
ter  matrix.  Signals  arc  passed  in  paral¬ 
lel  to  the  third  layer  that  digitizes, 
using  majority  decision,  and  then  passes 
the  data  (also  in  parallel)  to  the  second 
layer,  which  acts  as  a  data  mask.  The 
bottom  (first)  layer  is  an  associative 
memory.  If  an  input  image  is  thought 
to  match  one  of  thestored  images,  then 


the  latter  image  is  output.  The  individ¬ 
ual  layers  are  zone  melted  polysilicon 
(into  a  single  crystal),  although  the  circuit 
design  on  the  chip  is  basically  made 
according  to  the  design  method  used 
for  conventional  2D  ICs.  Kataoka  is 
hoping  that  a  real  3D  architecture  will 
be  designed  in  the  future.  Neverthe¬ 
less,  the  chip  works,  as  we  were  shown 
several  examples  of  input  and  output 
characters.  (In  the  context  of  this  dis¬ 
cussion  it  is  not  appropriate  to  put  too 
much  emphasis  on  the  algorithmic 
details.)  Is  this  a  sensor  or  a  computer? 

Intelligent  Optical  Odor  Sensor. 

This  is  also  an  ongoing  project  and  is 
being  supported  as  part  of  MITI’s  pro¬ 
gram  in  bio-electronics.  Odor  (smell 
sense)  has  been  one  of  the  most  diffi¬ 
cult  sensors  to  realize.  Partly  this  is 
because  such  a  sensor  must  be  excep¬ 
tionally  sensitive  and  partly  because 
smell  is  a  combination  of  various  kinds 
of  molecules.  The  human  olfactory 
system  can  detect  very  low  levels  of 
odors  and  also  distinguish  different  odors 
present  in  mixtures.  The  human  system 
consists  of  several  million  receptor  cells 
and  olfactory  bulbs.  The  receptor  cells 
sense  odors  and  their  signals  are  trans¬ 
mitted  to  olfactory  bulbs  where  signals 
are  parallel  processed  and  some  pro¬ 
file  of  the  signal  is  used  to  distinguish 
odors.  Sharp’s  approach  to  such  a  sen¬ 
sor  uses  photo-sensitive  organic  films. 
(These  films  change  color  or  intensity 
on  contact  with  different  molecules.) 
The  receptor  plate  consists  of  a  two- 
dimensional  array  of  various  dye  films 
(the  dyes  used  are  solvatochromic 
dyes  and  color  formers).  Output  of  the 
plate  goes  to  a  photochromic  film  that 
acts  like  an  optical  storage.  Finally, 
output  goes  to  a  third  layer,  of 
thresholding  film,  acting  like  an  optical 
processor.  The  films  were  prepared  on 
glass  by  spin  coating  from  tetra- 
hydrofuran  or  other  solutions  containing 
dye  and  a  polymer.  In  the  example, 
Kataoka  showed  that  various  gases  could 
be  distinguished  (methanol,  acetone, 
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isoamyl  acetate,  acetonitrile,  ethanol, 
ammonia,  and  others).  At  the  moment 
this  is  a  pure  optical  device,  i.e.,  non¬ 
digital.  But  Sharp  is  now  experiment¬ 
ing  with  attaching  the  output  to  a  neural 
network  to  enhance  its  decision  making 
ability.  Is  this  a  sensor  or  a  computer? 

Scope  of  the  Papers 

As  might  be  expected  at  a  confer¬ 
ence  such  as  this  one,  the  technical 
range  of  the  talks  was  very  wide.  There 
were  several  very  high  level  papers. 
One  of  the  best  examples  of  these  was 
given  by 

Ludwik  Finkelstcin 
Measurement  and  Instrumentation 
Center 

City  University 
London  EClV  OHB, 

United  Kingdom 

in  which  information,  knowledge, 
measurement,  perception,  information 
machines,  etc.  were  given  precise  defi¬ 
nitions  in  the  context  of  sensor  and 
measurement  applications. 

Gerhard  Barth 

German  Research  Center  for  AI 
Postfach  2090 

D-6750  Kaiserslautern,  Germany 

gave  a  very  readable  and  coherent  sur¬ 
vey  explaining  what  is  knowledge  pro¬ 
cessing,  what  are  neural  networks,  etc. 
(This  was  an  excellent  introduction, 
but  the  content  was  a  bit  disappointing 
based  on  his  title  “Knowledge  Based 
Systems-State  of  the  Art  and  Future 
Trends.”)  For  me,  though,  the  most 
interesting  of  these  general  talks,  and 
the  one  that  defined  best  the  direction 
this  field  is  heading,  was  by 

Giuseppe  Zingales 
Electrical  Engineering  Dept 
Via  G.  Gradenigo  6/A  1-35131 
University  of  Padua 
Padova.  Italy 


on  “The  Role  of  ArtiHcial  Intelligence 
in  Measurement.”  Zingales  points  out, 
among  other  things,  that 

When  the  outcome  of  some 
procedure  depends  on  the  pro¬ 
cessing  within  a  logical  struc¬ 
ture  of  physical  quantities,  atten¬ 
tion  should  be  paid  to  the  real 
meaning  of  those  measurements, 
that  is,  to  their  logical  founda¬ 
tions.  Any  AI  application  needs 
to  lay  on  a  sound  theoretical  basis; 
providing  the  required  support 
means  that  basic  aspects  in  the 
scienceand  practiceof  measure¬ 
ment  have  to  be  thoroughly 
understood,  or,  in  some  cases, 
even  revised  and  reassessed. 

His  paper  also  includes  a  bibliography 
of  several  dozen  items. 

Valery  Ivanor 

All-Union  Research  Institute  of 
Electrical  Measuring  Instruments 
85,  Prosveshenia  Av 
Leningrad,  U.S.S.R. 

and 

Geniy  Kavalerov 
All-Union  Scientific  Technical 
Society  of  Instrument  Industry 
17,  Marx  Av 
Moscow,  U.S.S.R. 

also  gave  a  high  level  formalization  of 
metrological  aspects  of  information 
processing. 

Another  remarkable  survey, 
although  not  related  to  AI,  was  “A 
Decade  of  Development  of  Electric 
Measurement  in  Theory  and  Applied 
Technology  in  China,”  by 

Jiaoxian  Ning 
Institute  of  Mechanics 
Chengdu  University  of  Science 
and  Technology 
Chengdu  610065,  Sichuan 
People’s  Republic  of  China 


Although  this  is  far  from  my  area  of 
technical  expertise,  it  is  written  in  excep¬ 
tionally  clear  English  and  has  a  41-item 
bibliography.  Another  overview  was 
given  by 

Dietrich  Hofmann 
Friedrich-Schiller  University  Jena 
Lobdergraben  32 
D(0)-6900  Jena,  Germany 

in  the  field  of  PC-based  visualization 
techniques  for  in-plant  quality  control. 
It  was  very  nicely  done,  with  a  useful 
list  of  unsolved  problems,  but  not  about 
AI. 

Another  excellent  tutorial  on 
“scalelogy,”  “nominal  scale,”  and  clas¬ 
sification,  such  as  what  one  ought  to 
use  to  analyze  IQ  scores,  was  given  by 

Hiroshi  Watanabe 
Faculty  of  Engineering 
Tokyo  Institute  of  Technology 
2-12-1,  Oh-Okayama 
Meguro-ku,  Tolq^o  152,  Japan 

This  looks  to  be  fertile  ground  for  AI 
approaches,  although  the  author  only 
touched  on  these  very  briefly. 

A  large  number  of  papers  were 
applications,  on  topics  that  varied  all 
over  the  place,  from  the  computer-aided 
design/manufacturing  (CAD/CAM) 
area,  boiler  operation,  driving  simu¬ 
lator,  flow  regulators,  etc.  Most  of 
these  paid  very  little  attention  to  what 
computer  scientists  would  call  AI  in 
the  sense  that  a  methodology  was  devel¬ 
oped  or  applied  that  could  be  general¬ 
ized  and  used  later,  although  some 
authors  did  employ  fairly  well  estab¬ 
lished  methods  such  as  case-based 
reasoning,  model-based  methods,  fuzzy 
theory,  system  identification  via  spearal 
analysis,  recursive  estimation,  auto 
regressive  (AR)  models,  maximum 
likelihood,  image  processing,  etc  Several 
of  these  papers  were  very  interesting  in 
their  own  right,  such  as  one  by 
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Takatomo  Mori 
Dept  of  Computer  Science 
and  S^-stems  Engineering 
Faculty  of  Science  and  Engineering 
Ritsumeikan  University 
56-1,  Tojiin-kita 
Kita-ku,  Kyoto  603,  Japan 

who  has  developed  a  fast  extension  to 
standard  Hough  transforms  and  applied 
this  to  extracting  road  edges  from  the 
visual  field  of  a  mobile  robot.  Road- 
edge  determination  was  also  a  key  aspect 
of  a  paper  by 

Yoshikuni  Okawa 
Faculty  of  Engineering 
Osaka  University 
Yamadaoka,  Suita,  Osaka,  Japan 

in  the  (much  more  difficult)  problem 
of  reading  signs  painted  on  road  sur¬ 
faces.  The  one  U.S.  paper  by 

Chun  Cho 

Fisher  Controls  International 
205  S.  Center  Street 
Marshalltown,  lA  50158 

was  about  optimization  of  energy  in 
industrial  plants.  This  uses  interesting 
optimization  techniques  but,  as  far  as  I 
can  tell,  no  AI.  There  were  a  few  good 
applications  of  expert  systems,  by  now 
pretty  well  understood  in  the  engineer¬ 
ing  community.  For  example. 

Shin  Tanabe 
AI  Engineering  Section 
Application  Engineering  Dept 
Yokogawa  Electric 
Shinjuku  Center  Building  (50F) 
1-25-1,  Nishi-Shinjuku-ku, 

Tokyo  163,  Japan 

described  a  real  time  system  that  his 
company  uses  to  run  one  of  its  power 
plants.  Another  paper  with  somewhat 
more  generality  was  given  by 


David  Vander 

Ford  Motor  Company  of  Australia 

Melbourne,  Australia 

describing  a  system  to  assist  designers 
in  selecting  measuring  instruments 
depending  on  the  surface  finish,  flat¬ 
ness,  dimensional  accuracy  required, 
etc.  Biesen  (Belgium)  gave  a  good 
summary  of  PC-based  expert  systems 
designed  to  help  experimentalists.  To 
my  surprise  I  had  used  two  of  these, 
Asyst  and  Asystant,  and  never  realized 
that  they  were  expert  systems,  thinking 
instead  that  they  were  only  high  level 
interactive  environments  (to  be  fair 
Biesen  classified  these  as  first-generation 
expert  systems).  Third-generation  sys¬ 
tems  involve  iconic  programming  and 
the  use  of  virtual  instruments,  best 
typified  by  Lab  View  from  National 
Instruments.  The  newest  systems  have 
large  databases  of  instruments  and 
also  provide  a  feedback  from/to  the 
physical  instrument. 

Almost  all  of  the  “fuzzy”  papers 
were  about  applications  and  were  pre¬ 
sented  by  Japanese  or  Chinese.  (I  have 
already  mentioned  in  several  reports 
that  the  Japanese  and  Chinese  are  very 
aggressively  applying  these  techniques 
to  applications.)  An  exception  was  by 

Laurent  Foulloy 

Laboratoire  d’Automatique  et  de 
Micro-Informatique  Industrielle 

University  of  Savoie 

B.P.  806 

74016  Annecy  Cedex,  France 

who  gave  an  elegant  description  of 
sensors  that  compute  and  report  lin¬ 
guistic  assessments  of  their  values,  a 
step  beyond  today’s  smart  sensors- 
Foulloy  calls  them  symbolic  sensors. 
This  is  basically  theoretical  work;  a 
symbolic  sensor  is  a  general  compo¬ 
nent  that  can  be  reconfigured  to  adapt 
itself  to  the  measurement  context.  In 


the  discussion  after  this  paper  Foulloy 
was  asked  “why  fuzzy?”  Declining  to 
get  into  a  long  discussion,  he  observed 
that  this  was  an  easy  way  to  implement 
a  nonlinear  controller.  (The  more  the¬ 
oretical  types  in  the  audience  seemed 
unconvinced,  but  I  thought  this  was  an 
apt  answer.)  Another  nonapplication 
paper  was  by 

Francois  Terrier 

Dein/Sai  Ce-Saclay 

FifA’vette  Cedex,  F-91191  France 

who  discussed  linguistic  fuzziness. 

Of  the  application  papers  about  fuzzy 
logic,  one  worth  mentioning  was  by 

Toshio  Fukuda 

Dept  of  Mechanical  Engineering 

Nagoya  University 

Furo-cho 

Chikusa-ku,  Nagoya  464-01,  Japan 

who  considered  a  system  composed  of 
multiple  sensors  (such  as  on  a  robot) 
and  discussed  the  problem  of  how  to 
integrate  data  from  overlapping  regions. 
His  specific  problem  was  using  three 
distance  sensors,  each  accurate  over 
different  (overlapping)  ranges.  His 
solution  is  to  use  both  a  neural  net  and 
fuzzy  logic. 

At  the  far  end,  a  few  papers  were 
about  algorithms  and  problems  that 
would  have  been  more  appropriate  at 
oiher  conferences.  But,  I  would  char¬ 
acterize  the  greatest  fraction  of  the 
papers  as  being  about  intelligent  mea 
suring  techniques  in  the  sense  that  some 
computing  capability  was  integrated  with 
sensors  for  very  specific  problems  such 
as  gravity  flow,  high  precision  temper¬ 
ature  measurements,  scanning  tunnel¬ 
ing  microscopy,  capacitive  tiltmeters, 
and  others.  These  have  nothing  to  do 
with  AI.  Several  sc.ssions  specifically 
had  “AI”  in  their  title,  but  I  saw  very 
little  of  that  discipline  in  any  of  these 
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papers.  However,  as  I  have  noted  in 
past  reports  concerning  descriptions 
of  experimental  laboratory  hardware, 
laboratory  scientists  exhibit  a  tremen¬ 
dous  amount  of  creativity  with  which 
techniques  are  adapted  or  developed, 
and  frankly  I  could  not  imagine  how 
many  of  these  solutions  would  have 
been  discovered  without  intimate  col¬ 
laboration  with  the  physical  problem 
being  studied.  In  that  sense  I  agree 
completely  with  Zingales. 

Where  were  the  U.S.  Participants? 

TC7  is  a  European-based  organization, 
and  so  one  expects  a  preponderance  of 
European  scientists.  Nevertheless,  it 
was  disappointing  not  to  see  other 
Americans  at  an  international  English 
language  meeting  on  such  an  impor¬ 
tant  topic.  I  wondered  about  this;  the 
conference  organizers  did  not  have  any 
ready  answers  either.  They  claimed  that 


some  related  work  is  done  in  the  United 
States,  but  it  is  more  heavily  based  on 
electronics  than  the  broader  type  sensing 
of  interest  here.  IMEKO  also  publishes 
a  journal.  Measurement-,  its  editorial 
offices  are  in  the  United  Kingdom  A 
scan  through  some  issues  show  papers 
mostly  from  Europe  but  also  from  other 
places  such  as  Australia  and  Japan; 
there  is  essentially  nothing  from  the 
United  Slates,  and  I  wonder  if  Americans 
read  it.  (Not  surprisingly,  the  Australian 
contributions  are  about  intelligent 
measurement  of  coal  dampers,  etc.) 

CONCLUSION 

This  seems  to  be  a  topic  ready  to 
take  off.  There  is  an  excellent  match 
between  what  we  can  measure  and 
what  one  needs  to  compute  based  on 
these  measurements.  AI  and  related 
computer  science  technology  is  going 


to  be  adapted  to  help  solve  measurement 
problems.  Not  much  has  happened  yet 
compared  to  what  will  occur.  Sensors 
are  getting  smart  in  that  they  can  per¬ 
form  substantial  computation,  but  most 
of  the  “intelligence”  is  ad  hoc.  There 
are  a  few  theoretical  developments  that 
are  being  pursued,  but  to  me  the  field 
seems  wide  open  and  very  attractive 
for  fascinating  collaborative  projects 
between  hardware  and  software 
researchers.  The  modest  amount  of  Al 
I  saw  was  mostly  being  described  by 
the  Europeans;  with  a  few  exceptions 
the  Asian  papers  were  much  more  appli¬ 
cation  oriented,  albeit  very  clever.  At 
the  moment  it  appears  that  the  bulk  of 
the  work  will  likely  be  done  by  the 
scientists  crafting  the  experiments,  but 
people  with  more  computer  science 
training  could  learn  a  great  deal  about 
real  problems  in  addition  to  significantly 
contributing  in  an  important  field. 
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MITSUBISHI  ELECTRIC  CORPORATION: 
ITS  BASIC  RESEARCH  FOCUS 


Some  of  Mitsubishi's  research  directions  are  summarized. 

by  David  K.  Kahaner 


INTRODUCTION 

Over  the  past  year  I  have  received 
assorted  information  about  Mitsubishi 
Electric.  My  original  plan  was  to  gather 
this  together  and  coordinate  a  collec¬ 
tion  of  visits  and  discussions  with 
research  staff.  I  have  not  yet  been  to 
any  of  the  corporate  laboratories, 
though,  and  I  have  been  worried  lately 
about  my  data  becoming  dated.  So  I 
decided  to  put  together  a  short  sketch 
along  with  a  few  items  of  interest  to  me. 
I  hope  to  follow  up  on  some  of  the  key 
research  directions  along  the  areas  of 
my  expertise. 

Of  Japan’s  three  top  general  elec¬ 
tric  manufacturers,  Mitsubishi  Elec¬ 
tric  Corporation  is  the  one  that  most 
heavily  depends  upon  heavy  electric 
machinery,  with  sales  and  manufactur¬ 
ing  lagging  behind  in  the  areas  of 
computerized  information  and  electron¬ 
ics.  Currently,  its  telecommunication 
and  electronic  device  products  com¬ 
prise  only  35%  of  the  company’s  total 
sales.  However,  in  order  to  push  this 
ratio  upward  to  the  50%  range  within 
the  next  3  years  and  to  move  its  heavy 
electric  machinery  manufacturing 
toward  an  electronic  basis,  the  com¬ 
pany  now  is  trying  to  move  rapidfy  toward 
the  goal  of  becoming  a  general  elec¬ 
tronics  manufacturer  by  restructuring. 

The  key  factor  in  achieving  this 
goal  is  making  investment  in  research 
and  development  (R«&D)  its  priority. 
Moriya  Shiki,  the  company  president, 
claims  that 


Unless  we  increase  the  ratio  of 
computerized  information  and 
electronic  products,  we  cannot 
expect  to  achieve  substantial 
growth  as  a  company.  The  big¬ 
gest  task  awaiting  us  is  to  come 
up  with  the  means  of  realizing 
growth  in  the  telecommunica¬ 
tion  and  electronic  device  fields. 
For  this  reason,  we  will  continue 
to  intensify  our  R&D  efforts  and 
to  push  for  inaeased  investment 
in  this  area  in  spite  of  current 
economic  downward  trends. 

The  company  claims  that  its  plan  is 
to  increase  within  3  years  the  business 
structural  ratio  of  information,  com¬ 
munication,  and  electronic  devices  to 
above  50%  and  within  lOyears  to  70%. 
Semiconductor  and  electronic  device 
technology  and  information  commu¬ 
nication  system  technology  are  seen  to 
form  the  nucleus  of  the  basic  technolo¬ 
gies  to  support  an  advanced  informa¬ 
tion  society,  and  these  are  the  areas 
into  which  Mitsubishi  is  pouring  its 
efforts. 

Vice  President  Oka  predicts. 

Although  the  company  has  been 
called  a  general  electric  machin¬ 
ery  manufacturer,  it  will  be  trans¬ 
formed  rapidly  into  a  general 
electronics  manufacturer,  and 
then  into  an  intelligent  system 
manufacturer. 


To  the  company  that  is  “strong  in 
communication  technology,  but  weak 
in  computer  technology,”  this  has 
become  the  most  important  challenge 
to  be  met  in  the  1990s.  In  the  early  days 
Mitsubishi’s  R«&D  was  like  insurance, 
and  as  a  result  its  importance  was  modest 
Recently,  though,  upper  management 
has  seen  the  importance  of  this  kind  of 
activity  and  claims  to  be  supporting  it 
much  more  aggressively.  After  World 
War  11,  the  Japanese  economy  devel¬ 
oped  along  four  growth  industries: 
facility  related,  home  electronics  related, 
computerized  information  related,  and 
consumption  related;  Hitachi  and 
Toshiba  focused  on  the  first  three. 
Mitsubishi  grew  in  the  equipment  and 
facilities  areas  but  not  so  rapidly  as  the 
other  companies  in  home  or  computer/ 
information-perhaps  due  to  its  depen¬ 
dence  on  heavy  elearical  manufacturing. 

In  the  semiconductor  and  electronic 
device  division,  Mitsubishi  ranks  second, 
after  Toshiba,  in  IM  DRAM  and  is 
among  the  top-ranking  companies  in 
the  field  of  miaocomputers  and  SRAM. 
The  company  is  also  very  strong  in  the 
area  of  integrated  “system  building.” 

The  majority  of  Mitsubishi  Electric 
Corporation’s  research  laboratories  are 
located  either  in  the  western  region 
(Amagasaki/ltami  Districts,  Hyogo 
Prefecture)  or  in  the  eastern  region 
(Ofuna  District,  Kanagawa  Prefecture). 
In  addition,  there  is  its  Electronic 
Product  Development  Laboratory  in 
Kyoto. 
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All  together  there  are  13  office/ 
research  laboratories  under  the 
Development  Headquarters,  with  a  total 
staff  of  about  3,300.  The  R&D  costs  for 
1989  totaled  ¥160B,  a  bit  less  than  7% 
of  total  sales.  Oka  claims  that  the 
company  hopes  to  raise  the  ratio  of  the 
R&D  costs  to  about  10%  of  sales  with 
a  similar  percentage  of  research 
employees  in  the  future,  but  doesn’t 
see  it  ever  exceeding  this  figure.  He 
also  claimed  that  one  mechanism  is  to 
establish  research  facilities  outside  of 
Japan  such  as  in  the  United  States,  and 
this  technique  has  already  begun. 

The  company  has  developed  a  tech¬ 
nology  map  for  the  1990s.  Only  a  few  of 
the  projects  are  noted  in  Table  1.  A 
brief  description  of  some  of  the  main 
laboratories  and  their  significant  proj¬ 
ects  follows. 


CENTRAL  RESEARCH 
LABORATORY  (CRL) 

The  Central  Research  Laboratory 
has  a  staff  of  450.  Its  role  is  to  conduct 
research  in  important  areas  and  be  at 
the  cutting  edge  in  basic  technology.  By 
contrast  the  other  laboratories  focus 
on  applications.  Topics  of  current 
interest  are  biotechnology,  neurotech¬ 
nology,  artificial  intelligence  (AI),  optics, 
energy,  quantum  electronics,  beam 
technology,  and  superconductivity. 
Seventy-five  percent  of  the  research  is 
self-directed  (versus  25%  in  response 
to  requests).  There  are  five  basic  tech- 
nc  logics  being  looked  at  here  (other 
laboratories  are  obviously  also  involved): 

(1)  From  bio  to  neural  computers, 

(2)  new  devices  on  atomic/molecular 
levels,  (3)  user-friendly  technology, 
(4)  space,  and  (5)  energy/environment. 


Some  examples  of  (interesting  to 
me)  research  at  CRL  are  neural  infor¬ 
mation  processing  of  sea  mollusk, 
optical-neural  computer  on  a  chip  (the 
company  has  already  developed  such  a 
prototype  that  recognizes  26  alphabetic 
characters),  and  man-machine  inter¬ 
faces.  For  the  last,  the  company  has  a 
new  project  to  develop  quantitative 
psychological  measurement  techniques 
to  evaluate  a  system  from  a  human 
psychological  standpoint  (also  see  my 
comments  below).  The  company  has 
used  AI,  cognition  science,  and  various 
interface  technologies.  Mitsubishi  also 
has  a  large  space-related  research  pro¬ 
gram  (space  robots,  large-scale  expand¬ 
able  antennas,  composite  materials)  and 
numerous  acid-type  fuel  cell  facilities. 


Table  1.  Technology  Map  for  the  1990s 


Projects  Planned  for-- 

1991 

1992 

1993-95 

1996-99 

cities/ 

Traffic 

Electromagnetic  ship 

Rocket  HII 

FX  pilot  unit 
Techno  Superliner 
Electric  auto 

Smart  city 
Intelligent  car 
navigation 
system 

Consumer 
Electronics 
&  New  Media 

Next  generation 
portable  telephone 
Hlvlslon  becomes 
popular 

Housecleaning  robots 
B-ISDN 

Digital  video  tape 
recorder 

Quasl-mlcrowave 
car  phone 

DRAM  recorder 
Moving-picture 

TV  phones 

Cordless  home 
electronic 
units 

Communication  & 
broadcast  fuse 

Industrial 

Electronics 

Device 

Software 

Communication  sample 
16M  DRAM 

Liquid  crystal 
display  elements 
mass  produced 

Sth  generation 
computer 

Practical  multimedia 
Distributed  systems 

High  temperature 
superconducting 
elements 

Photo  exchange 

Coimunlcatlon  16M 
sample  6<iM 

TFLOP  computers 
practical 

Communication  6AM 
Nonslllcon 

Non  Von  Neumann 
TRON  age 
Distributed 
processing 
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CRL  is  divided  into  about  a  dozen 
departments  including  the  Basic  Sys¬ 
tem  Research  Division  (focus  on  knowl¬ 
edge  systems,  cognition  systems,  design 
systems,  etc.);  Quantum  Electronics 
Research  Division  (focus  on  opto- 
neuro-computers,  quantum  effect 
devices,  etc);  and  the  “Special”  Research 
Section  (focus  on  all  types  of  new 
computing).  Of  course,  there  are  also 
groups  in  biotechnology,  materials, 
plasmas,  lasers,  and  a  myriad  of  related 
technologies. 

ELECTRO  INFORMATION 
RESEARCH  LABORATORY 
(EIRL) 

Computer-related  work  is  also  going 
on  at  the  Hectro  Information  Research 
Laboratory  (staff  of  400).  Major  fields 
are  (1)  man-machine  interface, 
(2)  knowledge  processing,  (3)  computer 
architecture,  (4)  system  building,  and 
(5)  information  networking.  All  the 
projects  focus  on  “a  cooperative  infor¬ 
mation  society,”  meaning  user-friendly 
computing,  computers  that  accommo¬ 
date  user  needs,  etc.  In  practical  terms 
this  involves  research  in  multimedia 
and  various  interfaces;  recognition 
(character,  voice,  and  image)-for  exam¬ 
ple,  reading  of  blueprints-intclligent 
searching;  and  dialogs  that  can  deal 
with  ambiguity  (via  neural  networks, 
fuzzy  logic,  and  natural  language  tech- 
niques)-for  extmple,  a  voice  question 
and  answer  system. 

EIRL’s  work  in  computer  architec¬ 
ture  has  focused  on  working  with  the 
Institute  for  New  Generation  Com¬ 
puter  Technology  (ICOT)  in  the  devel¬ 
opment  of  parallel  scientific  inference 
(PSI)  machines,  multi-PSI  machines, 
and  parallel  inference  machines  (PIM) 
for  (nonnumeric)  logic  programming 
(inference  processing).  At  the  moment 
PIM  is  running  with  about  250  infer¬ 
ence  processors,  but  the  target  is  about 
1,0(X)  processors. 


EIRL’s  cellular  array  processor 
(CAP)  has  4,096  CPUs  and  can  per¬ 
form  20G  fixed  point  additions  (8  bit) 
per  second.  To  generate  these  high 
speeds,  CAP  uses  a  16-Kbit  GaAs 
memory  developed  at  the  LSI  Research 
Laboratory  (see  below).  Mitsubishi  sees 
CAP’S  main  application  to  image  pro¬ 
cessing  (satellite  data),  or  perhaps 
document  retrieval.  This  computer  has 
no  relation  to  Matsushita’s  APIOOO, 
which  was  also  originally  named  CAP. 

In  the  area  of  knowledge  process¬ 
ing,  major  research  themes  overlap  with 
the  ones  mentioned  above,  Le.,  AL  expert 
systems,  natural  language  processing, 
and  high-speed  inferencing.  A  50,000- 
word  Japanese-English  machine  trans¬ 
lation  system  is  being  developed.  One 
expert  system  example  is  Solomon 
(solution-oriented  systems  design 
methodology  based  on  knowledge), 
which  deals  with  solution-oriented 
system  planning,  classifies  problems  into 
13  types,  and  is  claimed  to  use  opera¬ 
tions  research  (OR),  AI,  and  system 
engineering  methods.  I  haven’t  seen 
this  in  operation.  The  company  is  also 
keen  on  a  software  design  support  sys¬ 
tem,  PPK  (Problem  Product  Knowl¬ 
edge),  using  Hypertext.  Finally,  this 
laboratory  is  very  active  in  communi¬ 
cation  technology,  multimedia  (again), 
B-ISDN,  satellite  communication,  high 
definition  TV  (HDTV), etc.  One  inter¬ 
esting  project  is  related  to  decreasing 
the  frequency  of  errors  in  satellite 
communication,  using  new  coding 
methods.  Mitsubishi  claims  that  this 
method  has  reduced  the  occurrence  of 
errors  to  1  per  100  Mbits.  There  are 
also  a  large  number  of  what  I  call 
“enhancement”  projects,  such  as  those 
related  to  still  picture  TV  telephone, 
increased  brilliance  for  large  screen 
TV  using  scandium  oxide  cathode, 
biofeedback  for  heating  blankets,  etc. 

Cooperative  and  friendly  comput¬ 
ing  is  a  serious  theme  at  a  great  many 
Japanese  laboratories,  and  I  would 


expect  to  see  a  significant  number  of 
interesting  results  from  industiys  desire 
to  make  products  more  amenable  and 
hence  more  marketable.  Reading  about 
Japanese  plans  in  this  area  often 
leaves  Westerners  with  an  uncom¬ 
fortable  feeling,  perhaps  like 
“vaporware”  in  computers.  I  think  that 
this  is  mostly  due  to  differences  in 
vocabulary  and  world  view.  It  isn’t 
often  we  hear  hard-boiled  Western 
managers  talking  about  “enriching 
human  life  both  materially  and  spiritually 
as  a  keyword  of  future  consumer  lifestyle 
and  consumer  behavioral  changes,”  but 
this  is  typically  Japanese  (or  perhaps 
Asian?).  However,  there  is  no  doubt 
something  in  this  style,  as  attested  to  by 
the  many  Westerners  who  like  Japanese 
products. 

CONSUMER  UFESTYLE 
SYSTEM  RESEARCH 
LABORATORY 

Mitsubishi  has  the  Consumer  Life¬ 
style  ^tem  Research  Laboratory  (more 
than  30  years  old  now)  with  more  than 
200  researchers  thinking  about  these 
issues.  This  laboratory  used  to  be  entirely 
directed  toward  home  electronic 
research,  but  this  is  now  less  than  50% 
of  the  effort,  the  remainder  going  toward 
“human  technology  and  intelligent 
systems.”  About  30%  of  this  work  is 
independent  research  and  about  70% 
is  related  to  requests  from  factories 
and  operational  divisions.  More  than 
15%  of  the  research  staff  are  women, 
and  Mitsubishi  feels  this  will  enhance 
the  company’s  sensitivity  to  female 
needs.  This  is  the  laboratory  that  is 
most  directly  involved  with  a  1990 
Ministry  of  International  Trade  and 
Industry  (MITI)  10-year  project, 
“Application  Technology  for  Human 
Sensitivity  Measurement.”  Research 
themes  here  are  (1)  air,  e.g.,  air  flow, 
sound  and  temperature  sensitivity 
controls;  (2)  illumination;  and 
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(3)  environment  measurement  sensors. 
There  is  also  joint  work  with  CRL  in 
“psychological  quantity  measurement” 
where  attempts  are  made  to  measure 
the  stresses  that  are  inflicted  on  humans 
by  machines. 

LSI  RESEARCH 
LABORATORY 

Mitsubishi  also  has  an  LSI  Research 
Laboratory,  a  photo/microwave  device 
laboratory  (staff  180),  and  a  custom¬ 
ized  LSI  design  and  development  cen¬ 
ter.  The  LSI  Research  Laboratory  has 
550  scientists  and  technicians  and  is 
thus  larger  than  CRL.  At  the  moment 
Mitsubishi  is  behind  Toshiba  in  DRAM 
production,  but  the  company  hopes 
that  research  at  the  LSI  laboratory  will 
enable  it  to  catch  up  in  16M  and  64-Mbit 
DRAMs.  With  work  in  this  area  as  well 
as  ASIC  (such  as  4-Mbit  SRAM  and 
other  gate  arrays),  Mitsubishi  is  planning 
to  double  the  number  of  scientists  at 
the  LSI  laboratory.  The  company  feels 
that  general  purpose  multiprocessing 
units  (MPUs),  digital  image  processing, 
and  HDTV  will  be  major  fields  in  the 
1990s.  The  company  also  hopes  that 
TRON  will  take  root  [see  my  report 
“TRON  (The  Real  Time  Operating 
System  Nucleus,”  Scientific  Information 
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Bulletin  16(3),  11-19(1991)].  Naturally 
the  company  is  also  working  toward 
Gbit  chips.  In  optical  technology, 
Mitsubishi  emphasizes  that  the  company 
sees  directions  as  (a)  short  wave,  (b)  long 
wave,  (c)  optical  output,  and  (d)  coher¬ 
ence.  In  the  microwave  the  company 
see  devices  mainly  composed  of  GaAs 
ICs  moving  toward  (a)  diversification, 
(b)  low  noise,  (c)  high  frequency,  (d)  high 
output,  (e)  high  reliability,  and  (f)  low 
costs.  Important  points  in  future 
technological  development  will  be:  new 
materials  (in/IV  group  elements),  device 
structures  that  can  accommodate  some 
integration  and  offer  high  level  of 
uniformity,  and  miniaturization  process¬ 
ing  technology.  In  this  last  area, 
especially,  the  company  is  working  on 
the  introduction  of  wafer  process  tech¬ 
niques  into  optical  device  miniatur¬ 
ization  process  technology. 

Mitsubishi  has  a  view  on  differing 
U.S./European  Community  (EC)/Japan 
R&D  capability,  at  least  in  the  area  of 
VLSI. 

The  fact  that  Japanese  manufac¬ 
turers  are  strong  competitors  with 
U.S.  and  EC  makers  in  super 
VLSI  technology  and  in  [the] 
semiconductor/eleciron  device 
field  can  be  attributed  to  their 


ultra-miniaturization  process 
technology  and  excellence  in 
production  technology.  U.S.  and 
EC  makers  have  proposed  epoch- 
making  concepts  and  architec¬ 
ture,  which  revolutionizes  exist¬ 
ing  production  technology  and 
systems,  as  demonstrated  in  their 
mass  production  technology  (i.e., 
conveyor  systems,  copying 
machines,  etc.);  automation  tech¬ 
nology  (i.e.,  NC  machines, 
machining  centers,  robotics,  etc); 
and  information  system  technol¬ 
ogy  (i.e.,  MAP,  CIM,  etc.),  but 
they  wind  up  being  beaten  by 
Japanese  manufacturers  in  the 
important  field  of  manu&cturing/ 
processing  technologies,  how¬ 
ever.  Japanese  makers,  on  the 
other  hand,  may  not  be  able  to 
come  up  with  innovative  con¬ 
cepts  and  architecture;  however, 
they  are  the  best  in  the  world 
when  it  comes  to  the  production 
technology  which  translates  these 
ideas  into  actual  products.  Cur¬ 
rently  Japan  is  ahead  of  the  U.S. 
in  implementation  of  MAP  and 
in  practical  application  of  CIM. 

That  is  correct. 
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VIRTUAL  REALITY 


Comments  on  virtualj artificial  reality  research  in  Japan  are  presented. 

by  David  K.  Kahaner 


ITRODUCTION 

Virtual  reality  (VR)  or  artificial 
ality  (AR)  is  now  a  “hot”  topic  both 
the  United  States  as  well  as  in  Japan; 
suits  are  appearing  almost  daily, 
ather  than  try  to  wait  until  a  substan- 
al  body  appears,  I  intend  to  distribute 
lort  notes  on  interesting  activities  as 
learn  about  them. 

Most  of  the  VR  experiments  I  have 
:ad/seen  involve  some  kind  of  hat  or 
elmet  covering  the  eyes  of  the  wearer/ 
ser.  Small  liquid  ciystal  displays  (LCDs) 
ithin  give  a  three-dimensional  (3D) 
isplay  of  a  computer-generated  scene, 
ransmitter/receivers  on  the  helmet 
How  detectors  (mounted  in  a  fixed 
osition  nearby)  to  determine  the  exact 
acation  and  orientation  of  the  user’s 
ead.  This  information  is  passed  to  a 
Dmputer  that  changes  the  helmet  image 
t  concert  with  the  head’s  changing 
iewpoint.  It  is  also  common  to  allow 
[le  user  some  other  means  of  manipu- 
iting  the  scene,  for  example,  by  giving 
im/her  a  steering  wheel  or  joystick, 
tc.  Instead  of  a  helmet  some  systems 
se  a  very  large  display  such  as  would 
e  viewed  while  looking  out  the  win- 
ow  of  a  plane  or  ship,  but  smaller 
isplays  are  far  cheaper  and  have 
ther  advantages.  At  the  moment  the 
ombination  of  resolution  of  displays 
nd  computing  power  on  the  systems 
enerating  the  images  leaves  much  to 
e  desired  in  terms  of  image  resolution, 
ut  this  will  improve  rapidly.  There  is 
Iso  a  problem  with  time  delay  between 
ead  movement  and  scene  movement 
ecause  a  great  deal  of  computing  needs 
3  be  done  to  generate  even  small 


motions,  and  this  obviously  increases 
more  than  linearly  with  resolution 
improvements.  Nevertheless,  most  users 
of  even  these  low-resolution  systems 
experience  a  strong  sense  of  realism. 
(Wide-screen  cinema  can  also  disori¬ 
ent  viewers,  so  this  effect  is  not  too 
surprising.)  Many  VR  systems  also 
incorporate  a  “data-glove,”  a  fabric  glove 
with  sensors  attached  that  a  user  will 
wear;  a  computer-generated  image  of 
the  glove  is  placed  in  the  visual  scene 
and  is  made  to  move  in  concert  with 
the  user’s  motion  of  the  gloved  hand. 
As  the  user  moves  his/her  hand  in 
space,  the  image  glove  can  be  made  to 
grasp  objects  within  the  computer¬ 
generated  scene  and  move  them  around. 

Research  in  VR  seems  to  fall  into 
several  broad  categories: 

(1)  Experimenting  with  the  hardware, 
software,  and  the  computational 
models  in  order  to  enhance  the 
sensations  of  realism  to  the  user. 
This  involves  improving  the  dis¬ 
play  hardware  and  understanding 
the  meaning  of  “realistic  sensa¬ 
tion”  in  terms  of  visual  factors  such 
as  field  of  view,  resolution,  stereo, 
audio,  etc. 

(2)  Developing  applications. 

(3)  Developing  tools  to  aid  researchers 
and  users. 

Applications  are  limited  only  by  the 
imagination  of  the  researchers;  games 
are  the  obvious  first  ones,  but  there  are 
many  opportunities  related  to  train¬ 
ing,  from  pilots  to  surgeons. 


VR  is  at  the  intersection  of  com¬ 
puter  graphics  and  human  computer 
interface  and  is  a  natural  extension  of 
both.  For  example,  Yusen  Marine  Sci¬ 
ence  has  developed  a  simulator  for 
maneuvering  of  large  container  ships. 
The  simulator  uses  six  workstations 
for  setting  various  navigation  environ¬ 
ments,  which  are  reproduced  on  a  sev¬ 
eral  large  screens  allowing  a  240°  field 
of  vision.  The  screens  are  in  a  chamber 
patterned  after  a  ship’s  bridge  and  the 
view  on  the  screen  is  changed  to  con¬ 
form  with  steering  and  speed  changing 
operations.  Human  factors  such  as 
nervousness,  misjudgments,  and  mis¬ 
conceptions  are  incorporated  into  the 
system  to  enable  trainees  to  get  more 
realistic  simulations. 

VR  LABORATORY  AT  THE 
UNIVERSITY  OF  TOKYO 

Profe.  Yoshio  Tsukio  and  Michitaka 
Hirose  have  developed  a  sophisticated 
laboratory  at  the  University  of  Tokyo 
for  experiments  in  VR. 

Prof.  Yoshio  Tsukio 

Prof  of  Mechanical  Engineering 

Tel:  3812-2111  x6366 

Fax:  3818-0835 

and 

Prof  Michitaka  Hirose 
Assoc.  Prof  of  Mechanical 
Engineering 
Tel:  3812-2111  x6367 
Fax:  3818-0835 

Email:  hirose@ihl.t.u-tokyo.ac.jp 
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Faculty  of  Engineering 

University  of  Tokyo 

7-3-1  Hongo 

Bunkyo-ku,  Tokyo  113,  Japan 

As  at  many  other  places  (also  in  the 
West),  theirs  contains  a  collection  of 
purchased  and  built-up  equipment  to 
allow  them  to  (a)  experiment  v.ith  exist¬ 
ing  VR  techniques  and  (b)  build  upon 
these  for  new  work.  Most  of  their  pur¬ 
chased  equipment  is  from  the  United 
States,  although  I  was  told  that  they  are 
considering  changing  to  some  United 
Kingdom  products  that  they  felt  were 
more  cost  effective.  They  admitted  that 
at  the  moment  the  United  States  is 
furthest  along  in  this  area  and  has  some 
of  the  most  creative  ideas.  But  this  is 
certainly  not  the  only  laboratory  study¬ 
ing  VR  in  Japan,  and  not  even  the  only 
one  at  the  university.  Hirose  explained 
to  me  that  most  of  the  large  Japanese 
companies  have  some  hardware/ 
software  research  in  general  VR  topics. 
He  mentioned  specifically  NTTs 
Human  Interface  Laboratory,  the  ATR 
Laboratory  in  Kansai  (see  below),  aj 
well  as  Matsushita  and  Fujitsu.  These 
companies  are  ready  to  jump  in  once 
the  market  solidifies  I  was  told. 

At  the  University  of  Tokyo’s  “sub¬ 
urban”  campus.  Profs.  Fujimasa  and 
Tachi  also  have  a  VR  laboratory  asso¬ 
ciated  with  the  University’s  Research 
Center  for  Advanced  Science  and  Tech¬ 
nology  (RCAST).  There  is  also  a  com¬ 
mittee  composed  of  more  than  a  dozen 
university  researchers  who  coordinate, 
informally,  activity  in  VR.  Participants 
are  from  Tokyo,  Keio,  RCAST,  Kyoto, 
the  Tokyo  Institute  of  Technology, 
Tsukuba,  etc.,  and  include  computer 
scientists,  engineers,  medical  doctors, 
and  others.  There  is  also  a  journal. 
Human  Interface  News  and  Report, 
published  several  times  each  year,  that 
contains  the  proceedings  of  the  annual 
Human  Interface  Conference,  as  well 
as  other  papers  and  lists  of  meetings. 


Japanese  are  very  active  in  the 
development  of  computer  games  and 
there  is  already  at  least  one  product 
incorporating  a  data-glove,  although 
Hirose  told  me  that  the  company  that 
manufactured  the  glove  has  gone  under 
and  that  large  quantities  of  them  are 
now  available  very  cheaply. 

Projects  at  Hirose’s  laboratory  are 
described  briefly  below. 

See-Through  Helmet- 
Mounted  Display 

The  idea  is  to  optically  superim¬ 
pose  a  virtual  3D  object  onto  a  real 
environment.  The  system  consists  of 
Sony  view  finders,  a  lens  system,  and 
half  mirrors;  the  image  displayed  on 
the  view  finder  screen  is  focused  about 
1  meter  before  the  eye  using  the  lens 
system  and  half  mirror  and  has  a  view 
of  about  20°.  In  other  head-mounted 
displays,  narrow  fields  of  view  can  cause 
loss  of  spatial  direction,  but  in  this 
system  the  user  has  a  “real”  world  with 
which  to  orient. 

Lightweight  Helmet-Mounted 
Display  (HMD) 

Of  course  the  lighter  the  better- 
ideallyno  more  than  eyeglass  weight  is 
desired.  Hirose  claims  they  have  devel¬ 
oped  the  world’s  smallest  HMD,  with 
5.0-  by  7.5-cm  LCDs  having  200  by 
300  line  resolution  and  weighing 
170  grams  including  cables.  I  tried  this 
system.  It  works,  but  the  display  is  not 
illuminated,  and  so  is  only  visible  in 
bright  background  light;  nevertheless, 
its  size  and  weight  make  it  an  impressive 
step  forward. 

Virtual  Holography 

The  idea  is  to  avoid  using  either  a 
helmet  or  a  data-glove.  A  key  applica¬ 
tion  here  is  to  computer-aided  design/ 
manufacturing  (CAD/CAM)  systems 


that  require  higher  resolution  than 
available  with  current  HMDs.  Hirose 
has  substituted  a  conventional  stereo 
cathode  ray  tube  (CRT)  but  uses  a 
head-tracker  to  allow  the  kind  of  inter¬ 
action  usually  associated  with  a  hel¬ 
met.  This  system  cannot  generate  the 
sense  of  an  all-encompassing  universe 
sometimes  associated  with  HMDs,  or 
very  large  screens  that  are  very 
exciting  visually,  but  it  can  generate 
sophisticated  and  high  resolution 
displays  in  small  regions  of  space,  and 
these  might  be  perfect  for  detailed  CAD/ 
CAM  applications.  In  addition  to  high 
resolution,  this  system  also  adds  a  mech¬ 
anism  for  providing  tactile  feedback. 
Data-gloves  can  move  around  freely  in 
the  air  even  when  the  computer¬ 
generated  hand  hits  a  solid  object. 
Hirose’s  system  requires  the  user’s  finger 
to  be  placed  in  a  magnetic  ring  that  is 
free  to  move  within  a  guide.  Four 
magnetic  sensors  located  on  the  ring 
measure  the  location  of  the  finger  and 
move  so  as  not  to  touch  the  finger. 
However,  once  the  finger  intersects 
the  computer-generated  object,  motion 
to  the  object’s  surface  is  disabled  by 
locking  the  unit.  My  sense  is  that  force 
feedback  is  an  essential  element  in 
providing  effective  applications  of  VR 
technology.  I  am  not  aware  of  too  much 
work  in  this  direction  in  the  United 
States;  the  Japanese  are  doing  advanced 
work  in  tactile  feedback. 

Software  Visualization 

Hirose’s  idea  here  is  to  use  VR  to 
generalize  flow  charts  and  block  dia¬ 
grams  by  adding  a  third  dimension.  His 
applications  are  to  large,  complex  soft¬ 
ware  systems  such  as  network  control 
software.  (Hirose’s  example  is  the 
regional  power  system  around  Tokyo.) 
There  are  many  other  attempts  to 
simplify  programming  of  such  systems, 
and  a  graphical  programming  environ¬ 
ment  is  common.  Hewants  to  fuse  both 
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block  diagrams  and  time  into  a  three- 
dimensional  representation.  The  idea 
would  be  that  users  could  directly 
manipulate  the  blocks,  move  around 
the  3D  representation,  etc.  Several  tools 
are  being  developed. 

(1)  Virtual  editor  to  define,  modify, 
and  delete  processes  and  message 
passing  among  processes. 

(2)  Virtual  measure/ruler  to  measure 
the  exact  synchronization  of 
processes. 

(3)  Virtual  path  finder  to  locate  and 
display  the  critical  path  to  deter¬ 
mine  the  total  network  through¬ 
put  for  a  given  network. 

(4)  Network  simulator. 

A  virtual  3D  object  is  necessary  for  this 
kind  ofsystem,  and  thus  this  represents 
a  veiy  nice  application  of  object-oriented 
programming.  A  prototype  is  being 
developed  using  an  Ikegami  80-inch, 
120-Hz  stereo  projector  with 
CrystalEyes  LC  glasses  that  generates 
a  realistic  3D  work  space.  A  VPL 
DataGlove  through  which  the  user  can 
handle  virtual  objects  runs  under  an 
Iris  4D  210  VOX  workstation  for 
graphics  and  a  Sun  Sparc  station  for 
text.  Hirose  is  planning  to  add  his  vir¬ 
tual  holography  techniques  in  order  to 
enhance  the  sensation  of  handling 
processes  in  3D.  Personally,  I  have  a 
“show-me”  attitude  about  this  approadi. 
But  having  said  that  I  hasten  to  add  that 
understanding  distributed  computing 
is  so  difficult,  and  there  are  so  many 
look-alike  efforts,  that  a  really  new  idea 
like  this  one  is  definitely  worth  cheer¬ 
ing  for. 


Virtual  Physical 
Space  Simulator 

This  is  more  game-like.  Hirose  is 
thinking  about  altering  some  physical 
parameters  (gravitational  constant,  air 
viscosity,  light  velocity,  etc)  interactively 
while  viewing  a  virtual  world.  His 
audience  for  this  seems  to  be  mostly 
students. 

Hirose  is  planning  to  describe  some 
of  his  latest  work  at  Human  Interface 
*91,  (23-25  November  1991,  Tokyo)  and 
has  a  preprint  that  will  be  available  at 
that  time.  (A  symposium  on  VR  is  also 
planned  for  31  October-1  November.) 
Many  of  the  papers  from  Hirose  and 
Tsukio’s  laboratory  are  written  in 
English  (this  is  not  the  case  with  most 
of  the  other  Japanese  research  in  this 
subject)  and  Hirose  can  be  contacted 
via  electronic  mail. 

ATR  LABORATORY 

Work  at  the  ATR  Laboratory  in 
Kansai  has  focused  on  developing  an 
effective  video  conferencing  system  as 
part  of  a  larger  project,  “Fundamental 
Research  on  Intelligent  Communica¬ 
tions.”  In  ATR’s  system,  a  user  sits  in 
front  of  two  large  lenticular  screens 
that  form  a  “V”  facing  him,  with  images 
of  other  people  on  the  screens  gener¬ 
ated  by  liquid  crystal  projectors.  ATR 
wants  to  enhance  the  sense  that  the 
people  are  really  in  the  same  place  by 
improving  their  sense  of  “being  there.” 
This  is  done  by  monitoring  eye  move¬ 
ment  of  the  participants  and  adjusting 
the  images  synchronously.  At  the 
moment  the  system  reflects  light  off  a 
user’s  pupil  to  follow  movement  of  the 
cornea  (noncontact  eye  movement 
detection).  For  related  experiments. 


there  is  also  a  contact-type  detector 
that  is  mounted  on  a  pair  of  eyeglasses. 
This  is  one  of  the  more  basic  research 
projects  in  the  VR  field,  although  its 
application  is  very  specific. 

CONCLUDING  REMARKS 

At  the  recent  Computer  World  ’91 
in  Osaka,  we  were  treated  to  a  descrip¬ 
tion  of  the  future  of  VR  by  Robert 
Jacobson  of  the  University  of 
Washington.  Jackson  commented  that 
fundamental  breakthroughs  are  not 
needed  and  that  research  capabilities 
were  well  distributed,  but  that  indus¬ 
trial  work  was  undercapitalized.  He  felt 
that  by  1995  the  industry  will  sort  itself 
out  and  by  1999  various  high  end  markets 
will  become  evident.  I  do  not  think  that 
anyone  in  the  audience  disputed  the 
directions  that  VR  will  take.  However, 
I  doubt  veiy  much  that  today’s  computer 
graphics  leaders  are  simply  going  to  sit 
around  and  wait  for  the  VR  guys  who 
are  now  working  in  their  basements  or 
university  laboratories  to  gobble  up 
their  users.  What  is  more  likely  is  that 
the  graphics  vendors  with  resources  to 
commit  to  research  and  development 
will  incorporate  more  and  more  VR 
into  their  own  products  by  internal  devel¬ 
opment,  joint  ventures,  acquisitions, 
etc. 
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COMPUTING  AND  RELATED  SCIENCE 

IN  AUSTRALIA 


A  summary  of  high  performance  computing  in  Australia  is  presented. 

by  David  K.  Kahaner 


INTRODUCTION 

During  July  1991  the  author  spent 
several  weeks  in  Australia,  attending 
the  International  Conference  on 
Computational  Techniques  and  Appli¬ 
cations  (in  Adelaide)  and  visiting  a 
number  centers  of  computation  and 
computing  science  in  Adelaide, 
Melbourne,  Canberra,  Sydney,  and 
Brisbane.  These  are  all  on  Australia’s 
south  and  eastern  coasts,  located  (in 
U.S.  terms)  approximately  from  New 
Orleans  to  New  York.  This  report 
summarizes  the  situation  as  represented 
by  those  visits. 

Australia  is  almost  as  large  as  the 
United  States  yet  has  only  about  l/15th 
as  many  people  (17,000,000).  Most  of 
the  population  lives  in  and  around  a 
few  large  cities  (metro  Sydney  has  a 
population  of  over  3,000,000).  It  is 
expensive  and  time  consuming  to  build 
communication  links  between  cities. 
Air  travel  is  the  only  really  practical 
method  of  moving  over  such  large  dis¬ 
tances.  Manufacturing  has  not  yet 
taken  root  to  the  extent  that  the 
Government  would  like,  and  the 
Australian  economy  is  still  largely  based 
on  extractive  industries.  The  recent 
global  recession  has  been  strongly  felt 
in  Australia,  and  unemployment  is 
around  9%.  There  has  been  quite  a  bit 
of  foreign  investment,  although  the 
country  is  still  perceived  as  one  with 
significant  labor  strife.  Japan  is  investing 
heavily  (as  is  the  United  States),  and 
this  has  led  to  mbced  feelings  from 
Australian  citizens,  although  it  makes 


sense  for  Japan  and  Australia  to 
cooperate.  Australia  can  use  the  capital. 
It  could  also  use  more  people,  but  there 
has  not  been  much  direct  immigration 
from  Japan.  Japanese  enjoy  vacationing 
in  Australia  because  it  has  seasons 
opposite  from  Japan’s,  has  much  of  the 
wide-openness  of  the  United  States  (in 
geography  and  style),  and  is  also 
perceived  to  be  safer.  July  is  winter  in 
Australia;  in  the  south  this  means 
nighttime  temperatures  at  or  below 
freezing.  Brisbane,  hallway  up  the  coast, 
is  a  bit  warmer  but  not  warm.  The 
Japanese  want  to  transfer  their 
technology;  Australia  is  an  excellent 
place  to  tty  out  products  and  services 
aimed  at  the  Unit^  States  and  European 
Community  (EC).  Sydney  is  closer  to 
Tokyo  than  Los  Angeles,  but  not  close; 
Lcs  Angeles  to  Sydney  is  more  than 
14  hours  and  Tokyo  to  Sydney  is  more 
than  10  hours.  Travel  between  Japan 
and  Australia  is  mostly  north-south, 
and  the  two  countries  have  time  zones 
in  common. 

Science  in  Australia  is  an  alphabet 
soup  blitz  of  acronyms.  The  same  names 
came  up  repeatedly  associated  with 
different  institutes.  Any  number  of  the 
scientists  I  spoke  to  began  their  con¬ 
versation  by  drawing  organization  charts 
to  assist  me  (and  perhaps  themselves, 
too).  A  large  number  of  the  organiza¬ 
tions  are  new,  or  are  newly  restruc¬ 
tured.  In  this  report  I  have  tried  to 
summarize  the  most  significant  of  these, 
and  the  report  has  been  circulated  within 
Australia  for  corrections.  But  readers 
are  advised  that  there  is  a  tremendous 


amount  of  energy  in  Australian  science 
now,  and  in  particular  in  computing, 
and  there  are  certain  to  be  plenty  of 
changes  over  the  next  year  or  two. 

Foreign  investment  in  Australia 
occurs  in  direct  ways  such  as  purchas¬ 
ing  real  estate,  hotels,  etc.  Of  interest 
to  scientists  is  the  “offsets”  legislation. 
In  this,  foreign  companies  with  sub¬ 
stantial  sales  to  the  Australian  public 
sector  (government,  universities,  labo¬ 
ratories,  etc.)  are  required  to  spend  5% 
within  the  country  on  research  and 
development  (R&D)  activities.  This  is 
a  complicated  and  controversial  pro¬ 
gram;  many  scientists  I  spoke  to  felt  it 
was  often  ignored  or  satisfied  in  a  pro¬ 
forma  way.  Nevertheless,  given  an  ave¬ 
nue  to  spend  this  money  profitably, 
most  companies  are  willing  to  partici¬ 
pate.  Boeing,  Fujitsu,  and  IBM  are 
specific  examples  with  respect  to  com¬ 
puting.  Boeing  has  been  involved  over 
the  past  few  years  studying  the  possi¬ 
bility  of  providing  supercomputing  ser¬ 
vices  and  research,  although  whether 
this  will  occur  is  questionable.  Fujitsu 
is  helping  to  support  a  substantial 
parallel  computing  effort  at  the 
Australian  National  University  in 
Canberra.  Fujitsu’s  corporate  mission 
is  “to  become  the  major  force  in  the 
Australian  and  New  Zealand  computer 
and  communication  industry.”  IBM  is 
providing  major  support  to  Victoria’s 
Strategic  Research  Foundation  (SRF) 
with  a  3090,  RS6000s,  and  research 
funding.  (NEC  has  no  supercomputing 
presence  in  Australia,  although  I  was 
told  that  the  company  is  heavily  involved 
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in  communication,  particularly  PABX.) 
More  details  are  provided  in  the  sec¬ 
tions  on  supercomputing  and  on  the 
Australian  National  University. 

Most  Australian  citizens  can  trace 
their  roots  to  Great  Britain  (England, 
Ireland,  etc.),  and  many  institutions 
and  intellectual  predispositions  are 
strongly  influenced  by  this  background. 
In  the  flelds  of  computing  and  applied 
mathematics,  this  means  that  scientists 
share  the  British  view  of  careful  hard 
analysis  in  the  tradition  of  Hardy, 
Copson,  Turing,  V-Tiittaker,  Wilkinson, 
etc.  Thus  very  strong  analytic  skills  are 
coupled  with  excellent  physical  insight. 
In  other  words,  applied  mathematics 
means  applied  analysis,  asymptotics, 
modeling,  etc.,  not  applied  functional 
analysis. 

University  science  in  Australia  occurs 
at  large  state  universities  (there  are 
eight  Australian  states  including  two 
territories)  and  the  single  Australian 
National  University  in  Canberra,  the 
capital.  There  is  one  (new)  private 
university  (Bond  University)  near 
Brisbane,  but  it  has  no  track  record  yet. 
The  Australian  Government  runs  the 
Commonwealth  Science  and  Industrial 
Research  Organization  (CSIRO),  dis¬ 
tributed  in  many  laboratories  through¬ 
out  the  country,  and  also  the  Defense 
Science  and  Technology  Organization 
(DSTO),  which  also  runs  laboratories 
in  various  places.  Local  states  have  set 
up  institutes  and  technology  centers, 
but  there  is  not  much  large  scale  indus¬ 
trial  research,  a  situation  that  the 
Government  is  trying  to  alter.  Recently, 
the  Australian  Government  has  set  up 
funding  for  up  to  50  scientific  centers 
of  excellence,  with  a  long  enough  sup¬ 
port  base  (7  years)  to  give  them  the 
opportunity  to  really  establish 
themselves. 

There  are  a  number  of  Australian 
computer  scientists,  numerical  anal¬ 
ysts,  and  modelers  who  are  world  renown, 
including  M.  Osborne,  S.  Elhay,  R.  Brent, 
B.  Ncy,  J.  Kautsky,  I.  Sloan,  N.  Stokes, 
and  others.  Their  work  is  comparable 


(in  direction  and  quality)  with  the  best 
in  the  West.  There  are  also  a  few  spe¬ 
cial  strengths  in  Australian  computa¬ 
tional  science.  Australia  has  one  of  the 
only  Fujitsu  APIOOO  parallel  processors 
available  outside  Japan,  and  scientists 
interested  in  learning  about  Japanese 
parallel  processing  could  not  do  better 
than  arranging  collaborations  with 
Australian  colleagues  who  are  using 
this  machine.  There  are  also  two  Fujitsu 
VP2200  vector  supercomputers  and  a 
software  development  effort,  which  is 
mostly  open  and  accessible.  Australia 
also  has  a  stronger  (per  capita)  interest 
in  symbolic  and  symbolic-numeric 
computation  than  the  United  States, 
and  perhaps  stronger  than  the  EC. 
Interfacing  symbolic  computation  to 
numerical  software  is  becoming  an 
important  research  area.  Australian 
projects  such  as  Senac,  Intercal,  and 
GenTran  have  made  significant  prog¬ 
ress  using  very  high  quality  numerical 
software  such  as  in  the  Nag  library. 
There  are  excellent  opportunities  for 
research  collaborations  with  these 
projects.  Finally,  Australians  are  keenly 
aware  that  their  country  is  an  island 
(although  a  huge  one).  The  amount  of 
science  activity  related  to  modeling 
weather,  oceans,  etc.  is  very  great.  Here 
is  a  typical  example.  In  the  Mathe¬ 
matics  Department  at  the  University 
of  New  South  Wales  (Sydney),  of  13 
Ph.D.  students,  8  list  some  aspect  of 
ocean  modeling  as  their  thesis  topic. 
Of  course,  the  mining  industry  also 
generates  a  great  deal  of  mathematical 
and  computational  problem.s,  but  many 
of  these  are  being  studied  by  scientists 
who  are  at  the  universities  or  govern¬ 
ment  research  laboratories.  Combined 
with  the  high  quality  traditional  analy¬ 
sis  and  (until  recently)  a  dearth  of 
computing  capabilities,  the  scientific 
establishment  is  primed  for  collabora¬ 
tions  with  Western  researchers. 

Australian  scientists  are  already  well 
connected  with  their  peers  in  the  United 
States  and  Europe.  There  is  no  lack  of 
mail  and  electronic  communication. 


Scientific  exchanges  and  visits  are 
common,  but  distance  makes  them 
nontrivial  and  expensive.  Sabbaticals 
are  comfortable  because  of  the  com¬ 
mon  language  and  customs;  strip  malls 
near  Melbourne  look  very  much  like 
they  do  near  Washington,  and  parts  of 
Sydney  are  indistinguishable  from  parts 
of  downtown  London. 

Networks  within  and  to/from 
Australia,  while  not  at  the  bandwidth 
available  in  the  United  States,  are  per¬ 
fectly  adequate  for  mail.  Electronic 
communication  outside  Australia  is 
through  a  128-Kbit/s  line  to  Hawaii  or 
directly  to  the  U.S.  mainland  (my  Email 
message  to  Japan  from  Melbourne 
went  through  to  the  United  States  first). 
IBM,  as  part  of  its  support  of  collab¬ 
orative  research  at  SRFs  3090  instal¬ 
lation,  wants  to  upgrade  the  link  through 
Hawaii  (see  also  the  section  on  SRF). 
Most  large  universities  have  access  to 
48-Kbit/s  AARNet  (Australian 
Academic  and  Research  Network),  and 
others  are  coming  on  line  rapidly.  There 
is  at  least  one  256-Kbit/s  and  several 
2-Mbit/s  links.  Bandwidth  is  being 
increased  along  the  Sydney-Melboume- 
Canberra-Brisbane  lines,  facilitating 
access  to  computing  resources  in  this 
area  from  other  parts  of  the  country. 
The  University  of  New  South  Wales 
and  the  University  of  Sydney  have  a 
10-Mbit/s  microwave  link,  and  there  is 
also  a  lO-Mbit/s  link  between  the  Cray 
Y/MP  in  the  Melbourne  service  bureau 
and  Melbourne  University. 

For  a  country  with  Australia’s  pop¬ 
ulation,  there  has  been  a  large  run-up 
in  supercomputing  capability  in  the 
past  few  years.  While  the  country  has 
had  a  few  large  scale  computers  for 
years,  the  amount  of  computing  available 
to  the  average  scientist  has  been  low. 
Now  there  are  about  half  a  dozen  Cray 
or  Fujitsu  VP  machines  in  the  country. 
There  is  one  Connection  Machine,  a 
number  of  Convex  computers  (three 
are  at  CSIRO,  one  at  the  Defense  Forces 
Academy,  two  at  universities  in 
Queensland,  and  perhaps  other  places), 
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three  or  four  (MP-l)  Maspars,  and  at 
least  one  large  3090  going  in  this  year. 
All  supercomputers  are  in  the  public 
or  military  sector  or  in  service  bureaus. 
There  are  none  in  the  “real”  private 
sector.  In  fact,  except  for  some  seismic 
processing,  there  is  still  very  little 
supercomputing  interest  in  Australian 
industry  and  commerce.  Several 
Australian  companies  buy  supercom¬ 
puting  time  on  one  of  the  available 
local  machines  or  have  special  lines 
that  make  U.S.  machines  available  from 
a  corporate  resource.  There  are  still 
not  enough  supercomputing  cycles  avail¬ 
able  for  everyone’s  needs.  Also,  the 
distribution  of  resources  is  not  uniform, 
although  the  cities  of  Melbourne  and 
Canberra  are  well  supplied.  In  fact, 
Canberra  has  a  tremendous  amount  of 
computing  capability  and  a  great  deal 
of  momentum.  At  the  same  time,  a  ser¬ 
vice  bureau  in  Melbourne  with  a  Cray 
Y-MP/216  is  having  a  difficult  time 
finding  buyers  at  commercial  rates. 

There  are  essentially  no  Australian 
computer  products  except  for  some  PC 
assembly  fi^  and  Labtam,  which  makes 
X-Windows  terminals.  However,  the 
Government  is  trying  to  inject  action 
into  the  information  technology  busi¬ 
ness  in  a  number  of  ways  (some  of  these 
are  detailed  below).  In  fact,  the  Depart¬ 
ment  of  Industry,  Technology,  and 
Commerce  (Ditac)  has  given  grants  up 
to  SA24M  (S1.9M)  for  generic  technol¬ 
ogy  projects  involving  collaborative 
research  between  groups  in  industry, 
universities,  and  research  institutes.  At 
the  same  time,  I  was  told  repeatedly 
that  in  the  past  the  Australian  Govern¬ 
ment  has  not  been  viewed  as  really 
encouraging  the  kind  of  R&D  that  leads 
to  successful  business,  and  I  was  given 
several  anecdotal  stories  about  proj¬ 
ects  that  were  allowed  to  go  only  so  far 
and  then  more  or  less  withered  on  the 
vine,  until  their  proponents  went  out¬ 
side  of  the  country.  This  was  seen  as 
related  to  the  egalitarian  (everybody 
equal)  ethic,  which  isstill  very  strong  in 
the  Government  and  within  the  general 


population  (passengers  ride  alongside 
taxi  drivers,  rather  than  in  the  rear 
seat). 

Such  statements  by  scientists  were 
difficult  for  me  to  understand,  given 
the  heavy  emphasis  that  the  Govern¬ 
ment  places  on  practical  R&D.  For 
example,  the  major  national  labora¬ 
tory,  CSIRO,  now  must  bring  in  30%  of 
its  revenue  by  outside  contracts,  and 
everybody  that  I  met  in  this  organiza¬ 
tion  is  scrambling  to  find  external  sources 
of  funding.  There  are  also  examples  of 
successful  Australian  research  activi¬ 
ties.  For  example,  InterScan  is  a  Sydney 
manufacturer  of  microwave  aircraft 
landing  systems  (MLS).  The  company 
is  100%  owned  by  the  Australian  Indus¬ 
try  Development  Corporation.  The 
company’s  main  product  was  originally 
develop^  by  CSIRO  radioastronomers 
in  the  early  1970s.  (By  1998  all  2,500 
major  airports  around  the  world  must 
have  MLS  systems  installed.)  In  1984 
InterScan  lost  a  veiy  large  and  contro¬ 
versial  bid  to  Hazeltine  in  the  United 
States  (in  1989  the  Federal  Aviation 
Administration  (FAA)  canceled  the 
Hazeltine  contract  for  default)  but  has 
won  bids  in  Spain,  Australia,  and  recently 
in  China  (Xian  Research  Institute  of 
Navigation),  as  well  as  a  few  systems  in 
the  United  States. 

The  Australian  Government  may 
have  been  slow  to  push  commercial- 
izable  R&D  in  the  past,  but  it  appears 
to  me  that  the  situation  has  recently 
changed  significantly. 

SUPERCOMPUTING 
IN  AUSTRAUA 

Australian  scientists  have  had  large 
scale  computers  for  many  years,  from  a 
CDC  3600  in  the  early  19^,  to  a  6600 
in  1969,  eventually  a  7600  in  1973,  and 
then  a  Cyber  205  in  1984.  The  Univer¬ 
sity  of  Melbourne  installed  a  CDC  990 
in  1986  (this  was  the  top  of  the  Cyber 
line),  and  the  University  of  New  South 
Wales  (Sydney)  installed  an  IBM  3090- 
150  (later  a  180  with  VF)in  1987.  Also 


in  1987  the  Australian  National  Uni¬ 
versity  installed  a  Fujitsu  VP50  and 
shortly  after  that  a  VPIOO. 

But  in  the  late  1980s  there  was  a 
significant  effort  to  do  more,  and  vari¬ 
ous  reports  and  position  papers  were 
written.  The  first  Australian  Super¬ 
computer  Conference  was  held  in 
December  1988  and  there  were  hopes 
that  a  national  supercomputer  center 
would  be  established  (this  never 
happened).  In  1987  a  private  company 
(Leading  Edge)  was  formed  to  be 
Australia’s  first  commercial  supercom¬ 
puter  service  bureau  with  a  Cray  X-MP. 
The  company’s  particular  expertise 
was  in  seismic  processing. 

The  205  installation  was  having 
expected  problems,  not  the  least  of  which 
was  a  lack  of  adequate  support  staff,  a 
complaint  of  many  U.S.  supercomputer 
centers,  too.  Eventually  this  machine 
was  replaced  by  a  Cray  Y-MP2/216  in 
March  1990,  which  was  installed  at 
Leading  Edge,  effectively  replacing  the 
X-MP.  This  Y-MP  is  shared  by  CSIRO 
for  their  researchers,  Leading  Edge 
for  sale,  and  Cray  Research  for  its  own 
use  and  to  foster  interest  in  supercom- 
puting.  Two  Melbourne  universities 
have  arranged  for  some  of  Cray’s  time 
and  are  using  it  very  enthusiastically. 
There  was  also  an  air-cooled  ETA-lOP 
for  a  short  while  at  the  Bureau  of 
Meteorology.  It  was  installed  in 
December  1988  Even  after  CDC  decided 
to  stop  producing  ETAs,  there  was  an 
agreement  to  upgrade  the  lOP  to  a  dual 
processor,  but  the  computer  was 
dropped  during  shipment,  and  since  it 
could  not  be  replaced,  it  was  removed 
and  replaced  with  a  Cray  X-MP  14SE 
in  July  1990.  Finally  there  is  also  one 
Cray  X-MP  at  the  Department  of 
Defense  and  there  might  even  be  a 
second  one  installed  there. 

In  1989  Boeing  submitted  a  pro¬ 
posal  for  establishing  a  National  Super¬ 
computer  Facility  includinga  high-end 
machine  (such  as  a  Y-MP),  support, 
communications,  etc.,  based  upon 
Boeing’s  experience  running  successful 
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supercomputer  centers,  such  as  the  one 
in  Huntsville,  Alabama.  There  have 
been  a  number  of  iterations  of  this 
proposal,  and  it  has  been  on  and  off 
since  it  was  submitted.  Several 
Australian  scientists  told  me  that  they 
felt  that  Boeing’s  involvement  has 
actually  slowed  down  supercomputer 
acquisitions  by  keeping  other  possibil¬ 
ities  on  hold  and  that  will  probably  be 
true  if  nothing  comes  of  the  proposal. 
There  was  also  an  honest  difference  of 
opinion  as  to  whether  a  profitable  aaivity 
for  Boeing  should  count  against  offset 
obligations.  (I’m  not  in  a  position  to 
judge  any  of  these  issues.)  Boeing  was 
also  involved  in  a  proposal  for  the 
installation  of  a  Convex  C240  in 
Queensland  at  CSIRO’s  Geomechan¬ 
ics  Division  that  will  be  upgraded  to  a 
3250. 

In  addition  to  the  3090  at  the  Uni¬ 
versity  of  New  South  Wales,  the  State 
of  Victoria  has  established  the  Stra¬ 
tegic  Research  Foundation  (SRF)  in 
Melbourne,  arranged  to  have  an  IBM 
3090-400J  installed  this  year  in 
Melbourne,  and  allocated  funds  for  some 
research  institutes.  The  3090  will  be 
associated  with  an  Advanced  Comput¬ 
ing  Institute,  and  a  Convex  C210  will 
be  used  for  a  Biomolecular  Research 
Institute,  also  administered  by  SRF. 
Eventually  the  3090  will  run  AIX,  but 
initially  it  was  installed  only  with 
MVS.  Scientists  have  told  me  that  IBM 
is  hoping  to  have  a  major  Asian  research 
facility  to  perform  research  similar  to 
that  going  on  in  Bergen,  Norway,  or 
Ithaca,  New  York.  The  3090  will  be  the 
twin  of  one  at  the  Cornell  supercom¬ 
puter  center,  and  it  is  reported  that 
eventually  the  facility  will  be  very  sub¬ 
stantial.  As  this  is  a  brand  new  opera¬ 
tion  it  is  still  underused,  and  many  of 
the  software  tools  are  only  slowly  being 
installed,  but  usage  will  grow  rapidly. 
(A  relatively  slow  start-up  has  made 


this  installation  controversial,  as  sci¬ 
entists  who  need  supercomputer  time 
wonder  why  they  cannot  access  the 
new  machine.)  See  below  for  more  infor¬ 
mation  about  SRF. 

Until  recently  the  Central  Govern¬ 
ment  has  not  been  a  driving  force  for 
supercomputing.  Probably  this  had  to 
do  with  division  of  responsibility  between 
the  states,  distances,  funding  priori¬ 
ties,  and  related  items.  In  1987-88  this 
seems  to  have  changed,  but  the  Gov¬ 
ernment  is  still  not  clear  on  whether  or 
not  it  wants  a  national  facility.  The 
Australian  National  University  (ANU) 
has  more  computing  resources  than 
any  place  else,  but  this  is  definitely  not 
a  national  facility.  In  fact,  a  recent 
proposal  to  the  Government  for  com¬ 
puter  time  commented  that  “only  a 
small  percentage  of  time  on  these  facil¬ 
ities  [ANU’s]  are  available  to  outside 
users.’’  Naturally,  ANU  would  like  a 
national  supercomputing  facility 
(located  there,  of  course),  and  just  as 
naturally  many  scientists  in  other  loca¬ 
tions  would  rather  have  better  local 
facilities. 

The  argument  goes  the  other  way, 
too.  Although  some  Australians  would 
like  to  see  a  spread  of  machines  rather 
than  a  national  site  (at  ANU  or  any¬ 
where),  there  are  plenty  of  people 
(including  the  author)  who  subscribe 
to  the  view  that  Australia  cannot  afford 
more  than  one  really  large  system  and 
that  the  best  approach  is  to  have  such  a 
system  plus  killer-workstations,  not  a 
spread  of  mini-supers  or  weakly  con¬ 
figured  superaimputers.  This  view  may 
become  even  more  widespread  as  people 
move  off  Vax-class  machines  onto 
RS60(X)s  and  other  fast  small  machines. 

In  the  meantime,  the  Government 
is  allocating  money  to  various  universi¬ 
ties  for  super  and  parallel  computing 
activities,  and  it  has  initiated  a  compe¬ 
tition  for  parallel  computing  resources 
supported  by  the  Au.stralian  Research 


Council  (similar  to  the  U.S.  National 
Science  Foundation).  (My  Australian 
colleagues  explained  to  me  that  such 
allocations  of  funds  are  very  indirect 
and  that  actually  universities  make  the 
ultimate  decisions  about  this  research.) 

As  an  example,  ANU,  the  Univer¬ 
sity  of  Queensland,  the  University  of 
Melbourne,  and  the  Royal  Melbourne 
Institute  of  Technology  have  recently 
received  SA1.3M  (SIM)  for  coopera¬ 
tive  research  and  training  in  parallel 
computing.  As  another  example,  a 
Sydney  Regional  Center  for  Parallel 
Computing  has  been  proposed  [almost 
SA2M  (S1.5M)  over  5  years]  by  a  con¬ 
sortium  of  universities  in  the  Sydney 
area  based  upon  an  8K  CM200  from 
Thinking  Machines.  The  major  appli¬ 
cations  are  seen  to  be  computational 
fluid  dynamics  (CFD),  climate  model¬ 
ing,  oceanography,  statistical  mechan¬ 
ics,  and  field  theory,  and  the  proposal 
lists  almost  40  scientists  who  are  seri¬ 
ously  interested  in  access.  Almost  all 
these  people  are  application  scientists, 
not  computer  hackers.  If  t?  cv  get  the 
grant  I  hope  they  are  aware  of  the  time 
commitment  such  a  project  entails.  I 
discussed  this  during  a  short  visit  to  the 
University  of  New  South  Wales,  in 
Sydney,  whose  researchers  will  be 
important  parts  of  such  a  center.  In  the 
Mathematics  Department,  at  least,  there 
is  substantial  need  for  high  performance 
computation.  The  staff  is  working  in 
various  aspects  of  fluid  dynamics,  non¬ 
linear  dynamics,  oceanography,  and 
numerical  analysis.  For  example,  L  Sloan, 
whose  work  in  integral  equations  is 
very  well  known,  is  essentially  doing 
theoretical  numerical  analysis.  Typi¬ 
cally  this  requires  a  computational 
partner  for  experimentation,  verifica¬ 
tion,  etc.,  and  this  can  lead  to  a  very 
large  demand  for  computing  resources. 
But  without  such  a  partner  1  wouldn’t 
expect  that  much  computing  will  get 
done. 
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Prof.  Ian  Sloan 
Maths  Dept 

University  of  New  South  Wales 
P.O.  Box  1 

Kensington,  New  South  Wales 
2033,  Australia 
Tel:  +61-2-697-3001 
Fax:  +61-2-662-6445 
Email:  sloan@hydra.maths. 
unsw.oz.au 

Another  example  of  the  kind  of 
computing  needed  at  the  university 
was  given  to  me  by 

Prof.  Joe  J.  Monaghan 
Director,  Victorian  Institute  of  Earth 
and  Planetary  Sciences 
Center  for  Computational 
Mathematics 

Department  of  Mathematics 
Monash  University 
Clayton,  Victoria  3168,  Australia 
Tel:  +61-3-565-4431 
Fax:  +61-3-565-4403 

Monash  is  a  large  (25,000  students) 
university  outside  Melbourne,  with  more 
than  40  math  faculty.  Monaghan’s  inter¬ 
ests,  as  are  others  in  his  department, 
are  related  to  astrophysics,  general 
relativity,  and  metrology.  One  signifi¬ 
cant  approach  for  cosmological  calcu¬ 
lations  that  they  have  developed  is 
termed  Smoothed  Part  Hydrodynam¬ 
ics  (SPH  method),  and  this  was  repKirted 
in  several  issues  of  Computer  Physics 
Reports  in  1986  and  1987.  (This  work 
began  as  a  collaboration  between 
R.  Gingold  and  Monaghan  in 
Cambridge,  U.K.,  in  the  mid-1970s.  In 
addition  to  work  at  Monash,  Geoff 
Bicknell  and  Gustav  Meglicki  at  ANU 
have  also  been  developing  and  using 
SPH  and  some  serious  simulations  have 
been  done;  the  new  VP2200  at  ANU  in 
Canberra  will  be  useful  here.)  Typically 
they  have  no  explicit  numerical  analysis 
experts  but  develop  techniques  as  needed 


during  the  study  of  individual  problems. 
(Clearly  as  represented  by  Monaghan, 
the  department  has  a  very  physics- 
oriented  flavor.) 

Monaghan’s  department  has  a  col¬ 
lection  of  Vaxes,  RS6000,  Silicon 
Graphics,  etc  but  needs  access  to  larger 
machines  for  studies  of  cyclones,  star 
formation,  cosmology,  and  the  solar 
system.  There  is  also  a  great  deal  of 
algebraic  and  symbolic  computation 
(typical  of  the  type  of  mathematical 
physics  they  are  doing),  and  Monaghan 
claims  that  they  also  have  a  substantial 
interest  and  expertise  in  graphics  for 
their  applications.  There  are  also 
computing  needs  for  designing  courses, 
but  I  suspect  that  most  of  those  could 
be  met  with  local  resources.  Monaghan 
has  applied  for  support  for  new  paral¬ 
lel  computing  and  is  also  hoping  to  get 
time  on  one  or  more  of  ANU’s  machines. 

Finally,  the  Australian  Nuclear 
Science  and  Technology  Organization 
(ANSTO)  outside  Sydney  has  just 
received  a  Fujitsu  VP2200  (as  of  the 
date  of  this  report  it  had  not  been  opened 
to  users)  and  will  sell  service  on  the 
machine.  (This  is  a  joint  venture  between 
ANSTO  and  Fujitsu.) 

So,  looking  in  from  the  outside, 
quite  a  lot  has  happened  in  just  a  few 
years.  There  is  a  concentration  of  com¬ 
puting  on  the  east  coast  and  the  need 
for  more  cycles  in  other  places. 
Researchers  without  access  to  enough 
computing  cycles  have  been  trying  to 
reorient  their  work  away  from  traditional 
large  scale  computation  onto  work¬ 
stations  or  killer-micro  parallel 
machines,  but  this  might  easily  turn 
around  if  supercomputing  resources 
became  available.  There  is  some 
scrambling  for  available  money  and  com¬ 
plaining  about  who  got  what.  Canberra 
(ANU)  has  certainly  received  the  biggest 
fraction  of  the  high  performance  com¬ 
puting  cycles  so  far,  primarily  because 
the  university  made  a  firm  commitment 


early  and  diverted  internal  resources  to 
it.  Industry  has  yet  to  be  engaged,  and 
there  is  still  a  great  deal  of  educating  to 
be  done.  The  iron  and  aluminum 
industries  as  well  as  the  medical  research 
community  are  potential  supercomputer 
users.  Marketing  people  will  likely  try 
to  convince  these  groups  that  their 
current  thinking  is  1950s,  e.g.,  too  small. 
It  is  difficult  to  imagine  selling  more 
than  a  very  few  multimillion  dollar 
computers  in  Australia,  but  there  ought 
to  be  room  for  up  to  a  couple  of  dozen 
smaller  machines  [say  up  to  SAIM 
($769,231)],  and  there  certainly  needs 
to  be  a  big,  high-end  machine  some¬ 
where.  Finally,  it  remains  to  be  seen  if 
selling  supercomputing  service  (or 
cycles)  will  be  profitable.  In  the  United 
States,  selling  cycles  has  not  proved  to 
be  profitable. 

The  Fourth  Australian  Supercom¬ 
puter  Conference  (4ASC)  will  be  held 
2-5  December  1991,  at  University  Park 
Hotel  at  Bond  University,  jointly  spon¬ 
sored  by  the  four  universities  in  the 
area  (Griffith,  Queensland,  Bond, 
Queensland  University  of  Technology). 
This  is  on  Australia’s  Gold  Coast  south 
of  Brisbane.  Five  of  the  eight  keynote 
speakers  will  be  from  the  United 
States  (Hillis,  Joblove,  McRae-an 
Australian,  Neves,  Steele),  but  there 
will  be  heavy  Australian  participation, 
if  only  to  learn.  Jerard  Barry  (ANSTO) 
will  also  be  running  a  2-day  workshop 
before  and  after  the  conference.  For 
information,  contact 

4ASC 

P.O.  Box  1280 

Milton,  Queensland  4064,  Australia 

Tel:  +61-7-369-0477 

Fax:  +61-7-369-1512 

or  one  of  the  two  chairs.  Prof. 
Gopal  Gupta  (James  Cook  University) 
[gopal@sheila.jcu.edu.au]  or  Prof. 
Paul  Pritchard  (Griffith  University) 
[pap@gucis.sct.gu.edu.au]. 
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I  am  in  debt  to 
Dr.  Alan  Bell 

Information  Technology  Services 
University  of  Melbourne 
Parkville,  Victoria  3052,  Australia 

to 

Mr.  Andrew  Wyatt 
Cray  Research 
Suite  2.6  “Uloura  Plaza” 

424  St  Kilda  Road 
Melbourne,  Victoria  3004,  Australia 
Email:  adw@crayamid.cray.com 

and  to 

Dr.  Richard  G.  Hume 
Leading  Edge  Technologies 
Victorian  Technology  Center 
2S3  Normanby  Road 
Port  Melbourne  3207,  Australia 
Tel:  +61-3-647-9811 
Fax:  +61-3-647-9835 

for  providing  me  with  a  great  deal  of 
this  historical  information. 

AUSTRAUAN  NATIONAL 
UNIVERSITY  (ANU), 
CANBERRA 

The  country’s  only  national  univer¬ 
sity  is  located  in  its  capital,  a  city  that 
did  not  exist  until  1913.  Even  by 
Australian  standards  it  is  not  a  popu¬ 
lous  city.  It  is  inland,  an  hour’s  flight 
from  Melbourne  or  Sydney,  with  some¬ 
what  cooler  summer  and  colder  winter 
weather  than  either  of  these  cities.  I 
found  it  to  be  a  very  beautiful  small  city 
surrounded  by  green  hillsand  parkland 
and  with  a  large  (man-made)  lake  in  its 
center.  ANU  is  spaciously  laid  out  and 
lushly  landscaped,  with  parrots  and  many 
other  birds  in  abundance.  About  7,400 
students  and  almost  1,000  academic 
staff  are  involved  in  the  usual  diverse 
range  of  university  programs  in  the 
arts,  sciences,  engineering,  law,  medi¬ 
cine,  etc.  Only  about  50  full  fee-paying 


students  are  non-Australian,  and  most 
of  these  are  from  Hong  Kong  or 
Singapore. 

Associated  with  ANU  is  the  ANU 
Institute  of  Advanced  Studies  (IAS) 
(modelled  roughly  on  Princeton’s), 
where  research  is  performed  and  grad¬ 
uate  and  postgraduate  students  can  work. 
Some  faculty  members  at  ANU  have 
joint  appointments  at  one  of  the  research 
institutes  within  IAS,  as  well  as  normal 
faculty  appointments.  The  institute  is 
approximately  a  $A150M  (S115.4M) 
institution  with  about  1,200  graduate 
students.  In  fact,  the  normal  ANU  facul¬ 
ties  are  rather  like  the  tail,  with  a  bud¬ 
get  of  SA60-80M  (S46.2-61.5M),  sup¬ 
porting  about  6,000  undergraduates. 

ANU  has  about  25%  of  all  mem¬ 
bers  of  the  Australian  Academy  of 
Science  and  about  half  the  Fellows  of 
the  Royal  Society.  For  comparison,  the 
government  science  laboratory  CSIRO 
has  about  15%  of  the  academy’s 
members. 

This  section  focuses  entirely  on 
computing  and  associated  research,  but 
I  should  mention  that  associated  with 
ANU  is  ANUTECH,  a  company  that 
tries  to  generate  outside  support  for 
university  research,  looks  for  commer¬ 
cial  opportunities,  etc.  Last  year 
ANUrtcH  processed  more  than 
SA20M  (S15.4M)  in  grants  and  should 
be  the  contact  point  for  general  ques¬ 
tions  about  research  activities.  Contact 

ANUTECH 

GPO  Box  4 

Canberra,  ACT  2601,  Australia 

In  the  area  of  computing  there  is  no 
question  that  ANU  is  the  best  endowed 
of  all  universities  in  Australia.  It  made 
a  strong  internal  commitment  in  1987 
in  this  direction  (people  and  money) 
that  has  now  begun  to  payoff.  Lumping 
together  equipment  that  is  either  on 
the  campus  or  at  nearby  CSIRO  insti¬ 
tutes,  we  can  mention  the  following. 
There  is  a  16K  PE  CM-2,  a  Fujitsu 
VP2200  supercomputer,  as  well  as  a 


Fujitsu  APIOOO  64-node  mesh-type 
parallel  processor.  The  latter  is  to  be 
upgraded  (September  1991)  to 
128  nodes.  Thus,  the  university  now 
has  three  over-l-GFLOP  machines  run¬ 
ning.  There  is  also  a  high  end  Silicon 
Graphics  4D/21  with  VGX  graphics,  a 
Sequent  Symmetry  16K  processor,  a 
Maspar  with  IK  processors,  some  trans¬ 
puter  arrays,  and  an  impressive  range 
of  Suns  and  personal  computers  (PCs 
and  Macs),  all  networked  together.  Some 
of  the  equipment  has  arrived  only 
recently;  it  is  not  all  shaken  down  and 
users  are  just  beginning  to  appear.  For 
example,  while  I  was  there  the  VP2200 
was  being  brought  up  for  the  very  first 
time.  This  is  also  running  a  new  Unix 
release,  and  some  headaches  are  natural. 

Actual  funding  of  ANU  is  not  that 
dissimilar  from  state  universities~the 
State  Governments  have  formal  con¬ 
trol  over  them,  but  in  fact  the  money 
comes  directly  from  the  Federal  Gov¬ 
ernment,  thus  both  formal  and  eco¬ 
nomic  links  with  the  Feds.  There  are 
many  people  in  Australian  science  who 
believe  that  (in  advanced  computing) 
ANU  lives  in  clover  from  the  Federal 
largess,  but  everyone  I  met  in  Canberra 
made  it  a  point  to  explain  that  the 
university  chose  its  direction  in  1987 
and  has  committed  substantial  inter¬ 
nal  funds  since  then,  as  well  as  made  a 
number  of  creative  deals  with  vendors 
such  as  Fujitsu. 

Of  the  equipment  on  site,  the  most 
interesting  to  me  were  the  two  Fujitsu 
machines.  To  the  best  of  my  knowledge 
this  facility  makes  these  computers  more 
accessible  to  public  researchers  than 
anywhere  else  in  the  world.  The  APIOOO 
is  housed  in  the  Computer  Science 
Department,  while  the  VP  is  located  in 
the  Supcrcomputing  Facility. 

Dr.  Robert  Gingold 
Head,  Academic  Services 
Australian  National  University 
Supercomputer  Facility 
(ANUSF) 

GPO  Box  4 
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Canberra,  ACT  2601,  Australia 
Tel;  +61-6-249-3437/4161 
Fax;  +61-6-247-3425 
Email;  rag900@anusf.anu.edu.au 

Prof.  Robin  B.  Stanton 
Head,  Dept  of  Computer  Science 
Australian  National  University 
GPO  Box  4 

Canberra,  ACT  2601,  Australia 
Tel;  +61-6-249-3475 
Fax;  +61-6-249-0010 
Email;  rbs@anucsd.anu.edu.au 

CENTER  FOR  INFORMATION 
SCIENCE  RESEARCH  (CISR) 

An  effort  has  been  made  to  organi- 
ationally  coordinate  the  computing 
ind  related  research  activities  by  creat- 
ng  an  umbrella  organization. 

Center  for  Information  Science 
Research  (CISR) 

Prof.  Michael  A.  McRobbie 
Executive  Director 
I  Block 
GPO  Box  4 

Canberra,  ACT  2601,  Australia 
Tel;  +61-6-249-2035 
Fax;  +61-6-249-0747 
Email;  mam@arp.anu.oz.au,  or 
cisr@arp.anu.oz.au 

[McRobbie  is  also  credited  with  being 
the  sparkplug  responsible  for  the  runup 
of  computing  capabilities  at  ANU.) 

CISR  brings  together  various  ANU 
research  projects  and  departments  as 
well  as  several  groups  from  the 
Government’s  CSIRO. 

ANU: 

•  Automated  Reasoning  Project 

•  Department  of  Computer  Science 

•  Center  for  Visual  Sciences 

•  Computing  Sciences  Laboratory 


•  Experimental  Neurology  Group 

•  Department  of  Systems  Engineering 

•  Electronic  Materials  Engineering 

•  Mount  StromloandSlidingSprings 
Observatories 

CSIRO: 

•  Division  of  Information  Technology 

•  Center  for  Spatial  Information 
Systems  (40  professionals) 

•  Division  of  Mathematics  and 
Statistics 

The  ANU  Supercomputing  Facility  also 
cooperates  with  CISR  where  interests 
overlap. 

CISR  is  charged  with  being  at  the 
front  edge  of  the  advanced  computing 
wave,  and  through  its  efforts  the  CM-2 
and  API 000  were  obtained.  The  pri¬ 
mary  aims  of  CISR’s  research  program 
are  in  the  following  areas. 

•  Parallel  computing  architectures  and 
algorithms 

•  Artificial  intelligence  (AI)  (neural 
networks,  automated  theorem  prov¬ 
ing  and  applications  of  computers 
to  mathematics) 

•  Information  support  systems  (espe¬ 
cially  spatial  data) 

•  Human  computer  interfaces  includ¬ 
ing  prosthetics 

•  Robotics 

•  Telecommunications 

•  Large  scale  .scientific  computation 
via  vector  processors 


There  are  also  a  number  of  research 
relationships  between  ANU  and  Fujitsu, 
Sun,  Sequent,  Thinking  Machines, 
Esprit,  Institute  for  New  Generation 
Computer  Technology  (ICOT),  and 
others.  The  Fujitsu  collaboration  is  the 
largest  and  most  interesting.  Projects 
being  supported  under  this  collabora¬ 
tion  include  the  following. 

•  Automated  reasoning  and  general 
reasonir  g  systems 

•  Software  environments  for  parallel 
computers 

•  Design  of  artificial  vision  systems 

•  Extending  the  software  available  on 
VP  systems  in  computational  chem¬ 
istry  and  computational  mathematics 

McRobbie  also  gave  me  a  list  of  typical 
research  projects  associated  with  par¬ 
allel  computing  through  CISR  at  ANU. 
Many  of  these  are  in  or  have  collabo¬ 
rators  in  the  Computer  Science  Depart¬ 
ment,  but  I  did  not  have  time  to  discuss 
any  of  them  in  detail.  Readers  should 
contact  McRobbie  or  Stanton  for  details. 

•  Parallel  Programming  Environments 

•  Integer  Factorization  Algorithms 

•  Comparison  of  Linda  and  Occam 

•  Implementation  of  Linda  on  APIOOO 

•  Implementation  of  ML  on  Sequent 

•  Unix  Utility  for  Parallel  Program 
Tracing 

•  Neural  Nets  for  Speech  Recog¬ 
nition 

•  Highly  Reactive  Systems  with  Appli¬ 
cations  to  Robotics  OS 

•  Machine  Learning  in  Ecology 
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•  Automated  Process  and  Data  Par¬ 
tition  for  Micros 

•  Parallelizing  the  Closure  Com¬ 
putation 

•  Matrix  Generator  for  Implication 
Connectives 

•  Artificial  Vision 

•  Parallel  Processing  in  Human  Vision 

•  Receptive  Field  Analysis  in  Natural 
and  ArtiHcial  Visual  Systems 

•  Electrophysiology  of  Insect  Vision 

•  Self-Organizing,  Syntactic  Approach 
to  Gene  Sequencing  Analysis 

•  Software  for  Variance  Estimation 
on  Vector  Processors 

•  Program  Verification  in  Modala-2 

FUJITSU  MACHINES 
VP2200 

The  VP  is  a  “traditional”  shared 
memory  supercomputer  and  placing  i . 
in  ANUSF  means  that  it  will  be  expected 
to  largely  perform  a  service  role.  This 
is  a  single  processor  system  (model 
/lO)  with  one  scalar  unit  that  will  run 
Fujitsu’s  UXP/M  release  of  Unix  System 
V,  R4.  When  I  was  in  Canberra  the 
machine  was  running  for  users  but  was 
still  experiencing  some  minor  startup 
problems.  It  is  commonly  accepted  that 
the  best  performance  from  a  W  series 
machine  occurs  when  it  is  configured 
with  two  scalar  units,  so  I  asked 
Gingold  why  ANU  did  not  purchase 
the  second  scalar  box.  He  explained 
that  this  was  entirely  a  matter  of 
money,  the  scalar  unit  is  very  expensive, 
as  it  has  roughly  the  capability  of  a 
3090.  My  visit  was  too  early  to  assess 
the  quality  of  the  Unix  implementation. 


But  Fujitsu  is  spending  some  of  its 
offsets  obligations  supporting  the 
advanced  computing  activities  at  ANU. 
For  this  they  will  get  assistance  and 
collaborative  research  on  applications 
and  on  Unix  development.  TWo  areas 
in  which  there  are  specific  collaborations 
are  development  of  mathematical 
software  for  both  the  VP  and  AP  and 
computational  chemistry.  For  the  latter, 
work  involves  benchmarking  and 
analyzing  packages  and  also  evaluation 
of  Anchor,  a  Fujitsu  developed  pre/ 
post  graphics  processor  specifically 
designed  for  computational  chemistry. 
There  is  also  a  substantial  amount  of 
travel  between  Japan  and  Canberra, 
both  associated  with  the  management 
and  operation  of  the  ANUSF  and  also 
collaborative  exchange  visits.  [In  1989 
and  1990  there  were  eight  exchange 
visits  supported  by  a  Fujitsu  grant  of 
SA75,000  (S57,692).]  The  actual  ANU- 
Fujitsu  collaboration  is  a  long  term 
flexible  agreement,  costing  about 
$A40M  ($30.8M)  over  5  years,  sup¬ 
porting  about  40  people,  and  with  a 
generous  partnership  in  the  ownership 
of  intellectual  property. 

The  2200  is  actually  an  upgrade 
replacement  of  a  VPlOO  that  was 
installed  in  1988  (this  model  was  man¬ 
ufactured  in  1983),  so  ANU  has  had 
several  years  of  experience  with  VP 
high-end  equipment.  Gingold  remarked 
that  he  had  been  extremely  impressed 
with  the  construction  quality  of  the 
older  system  and  its  peripherals,  that  it 
had  been  up  99%  of  the  time  (deliver¬ 
ing  almost  99%  of  wall-clock  lime  to 
users),  and  some  peripherals  were 
running  even  after  an  astonishing 
amount  of  accidental  mishandling.  The 
new  machine  is  remarkably  cool;  air 
flow  out  of  the  CPU  box  is  barely  above 
room  temperature.  The  installed 
machine  has  peak  performance  of  about 
1  GFLOP,  and  ANU’s  very  early  bench¬ 
marks  showed  matrbt  multiplication  of 
about  90%  of  that.  This  fraction  corre¬ 
sponds  quite  well  with  the  benchmarks 


I  have  for  the  VP2600  and  thus  appears 
to  be  accurate.  (A  recent  report  from 
N.  Doduc  of  Fiat,  ndoduc@fiamentec.fir 
or  doduc@afuu.fr,  gave  benchmarks 
for  a  specific  nuclear  safety  analysis 
Fortran  program  on  a  large  number  of 
machines.  Doduc  explains  that  this 
program  is  only  2%  vectorizable,  but 
that  in  any  case  its  running  time  on  the 
VP2600  was  only  about  10%  greater 
than  on  the  Cray  C90,  e.g.,  Y-MP16.) 
The  VPlOO  had  a  substantial  number 
of  well  known  software  packages  includ¬ 
ing  NAG,  IMSL,  ELLPACK,  ITPACK, 
NCAR,  and  others  as  well  as  overa  half 
dozen  specifically  for  chemistry.  Pre¬ 
sumably  these  will  be  continued  onto 
the  2200.  The  three  largest  scientific 
fields  using  the  VP  during  1990  were 
astrophysics,  molecular  dynamics,  and 
quantum  chemistry.  ANUSFhas  a  very 
readable  and  interesting  annual  report 
describing  many  of  the  research  activi¬ 
ties  using  the  W.  This  is  available  by 
writing  to  Gingold  at  the  address  above. 

AP1000 

Faculty  and  staff  at  ANU  were  tre¬ 
mendously  excited  to  finally  have  a  really 
unique  parallel  computer  to  work  with. 
The  earliest  version  of  this  machine 
was  called  CAP  (Cellular  Array  Pro¬ 
cessor),  while  the  current  version  is 
essentially  equivalent  to  what  was  called 
CAP  II.  The  name  was  changed  by  Fujitsu 
last  year  because  of  trademark  compli¬ 
cations.  I  have  discussed  CAP/AP  before, 
but  some  additional  details  are  pre¬ 
sented  here. 

This  is  a  single-user  multiple 
instruction/multiple  data  (MIMD) 
computer  (with  up  to  1,024  processors 
or  cells)  that  is  connected  as  an  input/ 
output  (I/O)  device  (back-end)  to  a 
workstation,  currently  a  Sun  4/390,  its 
host.  To  compute  on  the  AP,  a  user 
must  write  two  (or  more)  programs. 
One  program  runs  on  the  host  and 
downloads  one  or  more  task  programs 
and  data  to  some  oralloftheAI’s  cells. 
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Vs  is  typical  of  MIMD  machines,  the 
:ell  programs  are  usually  (but  need  not 
)e)  identical  and  differ  only  in  the  data 
hey  process  and  perhaps  the  program 
bread  (the  sequence  of  instructions 
tctually  executed  in  the  cell).  Programs 
ire  written  in  C  or  Fortran,  and  com- 
nunication  (between  cells  and  between 
lost  and  cells)  is  by  calls  to  library 
outines  in  host  and  cell  libraries.  A 
lubset  of  Unix  runs  on  the  cells  and  is 
lownloadcd  into  them  before  program 
jxecution  begins.  At  the  time  I  was  in 
Canberra,  only  C  programs  had  been 
:ested. 

There  are  three  separate  communi- 
::ation  networks,  each  supported  by 
special  hardware.  The  B-net  (broad- 
ast)  is  32  bits  wide,  50  MB/s,  and  allows 
any  cell  or  the  host  to  transmit  data  to 
ill  the  cells.  (This  is  used  to  download 
programs  to  the  cells.)  Behavior  of  the 
B-net  mimics  that  of  a  single  shared 
bus. 

The  S-net  (synchronization)  allows 
cells  or  the  host  to  test  whether  all  cells 
are  in  a  particular  state  and  permits 
efficient  barrier  synchronization  (that 
is  testing  to  see  if  all  cells  have  com¬ 
pleted  a  computation  before  advanc¬ 
ing  beyond  a  specific  program  point). 
S-net  has  a  tree  topology. 

The  T-net  (transmission)  allows 
individual  cells  to  communicate.  Each 
cell  has  T-net  connections  to  four 
immediately  adjacent  neighbors, 
arranged  in  a  two-dimensional  (2D) 
torus.  Connections  are  16  bits  wide 
and  each  has  a  peak  transfer  rate  of 
25  MB/s.  Each  cell  can  simultaneously 
transmit  and  receive  a  message.  Thus 
in  a  1,024-cell  AP,  T-net  peak  bandwidth 
is  25  GB/s. 

Communication  between  the  host 
and  the  AP  is  via  a  3-MB/s  host-interface 
(VME  bus)  into  a  32-MB  buffer.  This 
link  is  much  too  slow  for  rapid  graph¬ 
ics.  Fujitsu  has  promised  to  do  some¬ 
thing  about  this  within  the  next  year. 
Interestingly,  an  early  version  of  CAP 
was  advertised  as  a  graphics  engine  and 


had  a  distributed  frame  buffer.  This  is 
gone  from  the  AP  but  perhaps  will  be 
added  in  the  future. 

Each  cell  is  composed  of  16  MB  of 
DRAM  (four  way  interleaved),  128-KB 
cache  (equivalent  to  16K  double 
precision  words),  a  25-MHz  SPARC 
chip  designed  by  Sun,  a  Weitek 
floatingpoint  unit,  various  controllers, 
and  network  interfaces.  Each  cell  has  a 
peak  performance  based  on  the  Weitek 
chip  of  about  8.33  MFLOPS  (single 
precision)  or  5.56  MFLOPS  (double 
precision).  Communication  is  enhanced 
by  a  structured  buffer  pool  and  wormhole 
routing. 

AP1000  Performance 

Although  the  AP  has  only  been  in 
Canberra  for  a  few  months  before  I 
arrived,a  number  of thestaffhave  been 
using  a  simulator  (CASIM)  that  runs 
on  a  Sun  for  about  a  year.  In  fact,  in 
November  1990  the  first  joint  Fujilsu- 
ANU  CAP  Workshop  w.as  held  at  the 
Fujitsu  laboratory  in  Kawasaki.  More 
than  20  papers  were  presented,  in 
English.  The  Australian  contributions 
ranged  from  software  environment 
issues,  debugging,  distributed  file  sys¬ 
tems,  to  implementing  BLAS-3, 
although  all  these  were  the  result  of 
work  only  with  the  simulator.  Fujitsu 
presented  details  of  the  AP  architec¬ 
ture,  as  well  as  a  half  dozen  papers  on 
applications.  1  have  reported  on  sev¬ 
eral  of  the  latter  before  because  some 
had  also  been  presented  at  parallel 
processing  or  high  energy  physics 
meetings  here  in  Japan.  A  least  one 
specific  program  is  given,  and  this  is  a 
good  example  of  the  effort  required  to 
use  the  machine.  A  limited  number  of 
copies  of  the  proceedings  of  this  work¬ 
shop  are  also  available  by  writing  to  the 
Qtmputer  Science  Department  at  AMU. 
Another  joint  workshop  is  planned  for 
this  November  (1991)  in  Canberra. 

At  ANU,  Brent  has  done  most  of 
the  numerical  studies  of  the  AP.  He 


commented  that  he  felt  the  major 
constraints  on  performance  of  the 
current  machine  were  related  to  the 
following. 

•  Slow  host-cell  communication 
(3  MB/s) 

•  No  virtual  cells  (2D  mesh  was  real) 

•  High  communication  overhead  for 
asynchronous  data  transmission 

•  Poor  optimization  from  the  Sun 
compilers  (instruction  set  of  the  cells 
is  identical  to  that  of  the  host) 

He  also  remarked  that  communication 
claims  of  25  MB/s  have  not  been  real¬ 
ized  and  that  many  tests  have  given 
consistent  results  of  about  6  MB/s.  Both 
he  and  M.  Osborne  noted  that  at  the 
moment,  to  effectively  program  the 
AP,  the  user  must  attend  to  a  great  deal 
of  detail  related  to  communications. 
(One  specific  software  tool  that  might 
help  is  Dino,  from  researchers  in 
Colorado,  and  there  already  has  been 
interest  expressed  by  them  in  porting 
Dino  to  the  AP.)  Nevertheless,  Brent 
has  been  convinced  that  performance 
within  80%  of  peak  is  possible  and  has 
devoted  a  tremendous  amount  of  effort 
to  studying  ways  of  implementing  linear 
algebra  on  this  machine  by  taking  advan¬ 
tage  of  the  hardware. 

Table  1  shows  preliminary  results 
provided  by  Brent  for  his  implementa¬ 
tion  of  Gaussian  elimination  with  par¬ 
tial  pivoting  (which  also  including 
checking  the  size  of  the  residual)  on  a 
system  of  1,000  equations.  In  his  imple¬ 
mentation,  he  uses  “cut  and  pile”  strat¬ 
egy  for  distributing  matrix  elements 
over  the  cells.  In  this  matrix  element 
a(i,j)  is  stored  in  cell  (i  mod  s,  j  mod  t) 
where  there  are  s  times  t  cells  in  the  AP 
array.  This  provides  excellent  load  distri¬ 
bution  duringelimination  but  requires 
some  extra  work  to  move  the  matrix  to/ 
from  the  host. 
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Table  1.  Performance  of  APIOOO  Solving  Ax-b  With  n-1000 


Time 

for 

One 

Cell 

(s) 

No. 

of 

Cells 

Time 

(s) 

Speedup 

Efficiency 

r  max 

GFLOP 

n  max 

Order 

n  half 
Order 

r  peak 
GFLOP 

512 

1.10 

147 

0.29 

2.251 

25600 

2500 

2.844 

mSM 

256 

1.50 

108 

0.42 

1.162 

18000 

1600 

1.422 

161 

128 

2.42 

66.5 

0.566 

12800 

1100 

0.711 

161 

64 

3.56 

45.2 

0.71 

0.291 

10000 

648 

0.356 

161 

32 

6,71 

24.0 

0.75 

0.143 

7000 

520 

0.178 

161 

16 

11.7 

13.8 

0.86 

161 

8 

22.6 

7.12 

0.89 

161 

4 

41.3 

3.90 

0.97 

161 

2 

81.4 

1.98 

0.99 

Brent’s  program  is  written  in  C  (with 
assembler  for  the  kernel  of  the  matrix 
multiplication).  All  results  are  for 
double-precision  (single-precision  is 
about  50%  fester).  Results  were  obtained 
by  running  at  ANU  on  an  AP  with  64 
physical  processors  and  at  Fujitsu 
Research  Laboratories  on  an  AP  with 
512  processors.  To  the  best  of  our 
knowledge,  no  1,024-processor  machine 
has  been  built  yet  Brent  feels  that  tuning 
will  improve  performance  somewhat, 
but  he  is  already  getting  more  than  290 
MFLOPS  from  a  64-node  AP  and 
observes  an  n_halfwhich  is  less  than  an 
IPSC’s.  He  also  feels  that  his  approach 
could  be  useful  on  other  similarly  orga¬ 
nized  parallel  machines.  Brent’s  results 
are  excellent  and  will  provide  Fujitsu 
with  the  basis  for  very  efficient  soft¬ 
ware. 

Much  of  the  details  about  the  AP 
were  provided  to  me  by 

David  Hawking 
Head  Programmer 
Department  of  Computer  Science 
GPO  Box  4 

Canberra,  ACT  2601,  Australia 
Tel:  61 -6-249-3850 
Fax:  +61-6-249-0010 
Email:  dave@anucsd.anu.oz.au 


and 

Prof.  Richard  P.  Brent 
Department  of  Computer  Science 
GPO  Box  4 

Canberra,  ACT  2601,  Australia 
Email:  rpb@phys4.anu.edu.au 

Remarks 

Viewed  from  the  outside,  I  feel  that 
Fujitsu  is  extremely  fortunate  to  have 
such  a  vigorous  collection  of  researchers 
at  ANU  collaborating  with  them.  Sim¬ 
ilarly,  ANU’s  scientists  are  fortunate 
to  have  two  very  interesting  computers 
to  work  on,  as  there  is  now  worldwide 
attention  focused  on  their  work.  It  would 
be  much  more  difficult  to  generate  the 
same  level  of  awareness  had  they 
obtained  other  equipment  even  while 
it  might  have  been  easier  to  run  appli¬ 
cations  (certainly  at  first).  However, 
for  the  long  run  ANU’s  scientists  will 
have  to  be  alert  to  keep  their  research 
open,  objective,  and  critical  and  not  let 
it  be  perceived  as  favorably  slanted 
toward  any  vendor.  Non-Australian 
scientists  now  have  a  wonderful  oppor¬ 
tunity  to  learn  about  new  machines  and 
should  make  every  effort  to  exploit  it. 


STRATEGIC  RESEARCH 
FOUNDATION  (SRF) 

In  1988  the  State  of  Victoria  set  up, 
in  Melbourne,  SRF  with  a  $A30M 
($23.  IM)  allocation  through  1993  to 
focus  scientific  research  in  economi¬ 
cally  profitable  directions  via  collabo¬ 
rative  research  and  related  seeding 
activities  and  by  developing  appropri¬ 
ate  policies  for  encouraging  and  man¬ 
aging  research.  With  the  help  of  vari¬ 
ous  working  groups  and  a  Board  of 
Directors,  SRF  has  considered  a  num¬ 
ber  of  technology  areas.  For  some  of 
these  specific  actions  have  occurred. 
The  process  is  considered  open  ended. 
(Also  see  my  comments  about  SRF  in 
an  earlier  section  of  this  report.)  Exam¬ 
ined  areas  are  as  follows. 

Advanced  Computing 

The  Australian  Computing  and 
Communications  Institute  (ACCI)  was 
founded  in  December  1990  with  a  startup 
budget  of  about  $A40M  ($30.8M), 
jointly  funded  by  the  Government,  IBM, 
Siemens,  and  Computer  Power  Group, 
and  a  plan  to  have  40-60staff,  mostly  in 
research.  (DEC  has  not  contributed 
any  money  but  has  an  observer  on  the 
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Board.)  Five  research  institutes  are  also 
involved:  the  University  of  Melbourne 
(Dept  of  Computer  Science),  Monash 
University  (Dept  of  Electrical  and 
Computer  Systems  Engineering),  the 
Royal  Melbourne  Institute  of  Tech¬ 
nology  (Dept  of  Computer  Science), 
the  Australian  AI  Institute,  and  CSIRO 
(Division  of  IT).  An  IBM  3090-400J 
has  been  installed  and  at  least  25  IBM 
RS6000  workstations  are  going  in.  By 
July  1993  the  3090  will  be  replaced  by 
an  ES9000/620,  and  there  is  the  possi¬ 
bility  of  an  ES9000/820  if  ACCI  is  finan¬ 
cially  sound.  The  3090  is  physically 
located  at  the  University  of  Melbourne, 
and  optical  fiber  links  are  either  in 
place  or  going  in  between  various  par¬ 
ticipants.  Organizationally,  the  3090  is 
at  the  Advanced  Computing  Techniques 
Laboratory  (ACTL),  although  it  remains 
part  of  ACCI. 

ACCI  is  focusing  its  activities  on 
three  main  areas. 

•  Intelligent  decision  systems 

•  Intelligent  control  (real  time 
reasoning  systems,  decision- 
techniques,  deliberation  strate¬ 
gies,  distributed  real-time  rea¬ 
soning  systems)  for  applications 
in  the  Civil  Aviation  Authority 
(CAA),  the  National  Aeronautics 
and  Space  Administration 
(NASA)  (U.S.),  and  Telecom. 

•  Planning  and  scheduling  (com¬ 
bining  constraint  satisfaction 
methods  from  math  program¬ 
ming  with  AI  techniques  such  as 
tree  searching)  for  application 
in  the  CAA  and  Defense  Depart¬ 
ment. 

•  Dynamical  object  recognition 
(surface  recognition,  three- 
dimensional  perspectives,  pre¬ 
diction  of  geometric  and  mate¬ 
rial  properties,  encoding  and 
recovering  features  in  large 


databases)  for  application  in  fac¬ 
tory  production,  satellite  feature 
identification,  x-ray  magnetic 
resonance  image  understanding. 

•  Communication  technologies 

•  Coding  techniques  with  applica¬ 
tions  to  video-telephone  and 
video-conferencing. 

•  Network  signalling,  switching, 
control  for  applications  via  ISDN, 
B-ISDN,  FASTPAC. 

•  Visualization  technologies  and 
human  computer  interface 

•  Development  of  software  for 
generating  images  from  large  data 
sets,  specifically  for  weather  and 
climate  modeling,  mineral  explo¬ 
ration,  and  financial  models. 

Advanced  Materials 

This  is  still  in  the  evaluation  stage, 
but  the  main  focus  will  likely  be  in  the 
following  areas: 

•  Optoelectronics  for  computer  archi¬ 
tectures,  fiber-based  communica¬ 
tions,  sensing  and  control  devices, 
and  consumer  electronics 

•  Blended  polymers 

•  Ceramics  and  ceramic  composites 

•  Materials  characterization 

Climate  and  Ocean  Sciences 

This  is  still  in  the  evaluation  stage. 
The  potential  focus  is  on  (1)  comput¬ 
ing  aspects  of  climate  prediction  and 
(2)  physical  and  chemical  phenomena 
(rather  than  biology)  such  as  pollution 
dispersion,  marine  structure  design, 
shipping,  remote  sensing,  and  image 
processing  technology. 


Agricultural  Biotechnology 

A  Plant  Biotechnology  Institute  is 
being  established  with  a  planned  staff 
of  about  30. 

Biomolecular  Research 

A  Biomolecular  Research  Institute 
(BRI)  was  formed  with  the  goal  of 
becoming  a  world-class  research  insti¬ 
tution,  producing  information  for  the 
design  of  new  pharmaceuticals  and 
biological  control  products.  Tools  will 
include  x-ray  diffraction,  advanced 
computing,  nuclear  magnetic  resonance 
(NMR)  spectroscopy,  electron  micros¬ 
copy,  diffraction,  and  mass  spectrom¬ 
etry.  The  Convex  C210  was  purchased 
for  this  institute.  BRI  will  have  about 
40  staff  members  and  20  Ph.D.  students. 
Its  budget  will  be  around  $A20M 
(S15.4M). 

Energy  and  Mineral 
Resources 

This  is  still  in  the  evaluation  stage. 
The  potential  focus  will  be  on 
(1)  advanced  exploration  techniques  and 
equipment,  (2)  use  of  brown  coal  as 
reductant,  (3)  novel  uses  of  natural  gas, 
and  (4)  development  of  solid  (ceramic) 
fuel  cells. 

Other  Areas 

•  Pulp,  paper  and  forest  products 

•  Very  early  studies  of  image  acquisi¬ 
tion,  analysis,  and  display 

For  information  about  SRF  contact 

Mr.  Kim  Sweeney 
Victorian  Strategic  Research 
Foundation 
191  Drummond  Street 
Carlton,  Victoria  3053,  Australia 
Tel:  +61-3-663-3077 
Fax:  +61-3-663-3348 
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COLLABORATIVE 
INFORMATION  TECHNOLOGY 
RESEARCH  INSTITUTE  (CITRI) 

As  I  mentioned  earlier,  there  is  plenty 
of  controversy  about  the  Strategic 
Research  Foundation  and  ACCI  in 
particular.  This  especially  concerns  its 
relationship  with  all  the  local  Melbourne 
universities  and  the  University  of 
Melbourne  in  particular.  The  Univer¬ 
sity  of  Melbourne,  the  Royal  Melbourne 
Institute  of  Technology  (RMIT),  and 
the  State  of  Victoria  have  set  up  an 
organization  (Collaborative  Informa¬ 
tion  Technology  Research  Institute, 
CITRI)  that  is  roughly  similar  to  ACCI. 
The  founding  organizations  have 
injected  about  SA16M  ($12.3M)  to  get 
CITRI  going,  and  further  federal  fund¬ 
ing  of  over  SAIOM  ($7.7M)  over  5  years 
has  also  been  obtained. 

CITRI  claims  four  main  areas  of 
expertise,  based  on  researchers  asso¬ 
ciated  with  the  universities. 

•  Vision  and  Graphics-Signal  pro¬ 
cessing,  computer  vision,  pattern 
recognition,  interactive  imaging, 
geometric  modeling,  graphics  for 
printing  and  TV. 

•  High  Performance  Computing- 
Computer  architecture,  operating 
systems,  parallel  computing. 

•  Intelligent  Decision  and  Control 
Systems-Database  management, 
deductive  databases,  logic  program¬ 
ming,  VLSI  design,  operating 
systems. 

•  Communications  and  Signal 
Processing-Telecommunications 
networks,  CCITT  language,  high¬ 
speed  optoelectronic  devices,  inte¬ 
grated  photonics,  multi-gigabit 
optical  links. 


For  information  about  CITRI,  contact 

Dr.  John  Cromie 

General  Manager 

Email;  johnc@goanna.cs.nnit.02.au 


or 


Prof.  Ron  Sachs-Davis 

Research  Director 

Email:  rsd@goanna.cs.rmit.oz.au 

CITRI 

723  Swanston  Street 
Carlton,  Victoria  3053,  Australia 
Tel:  -f  61 -3-282-2444 
Fax:  -t-61-3-282-2444 

For  outsiders,  the  simplest  thing  to 
say  is  that  computing  technology  in 
Victoria  is  moving  forward,  but  which 
organization  is  going  to  be  pivotal  is 
best  left  to  the  Australians  to  work  out. 

BRIEF  COMMENTS  ON 
SITE  VISITS 

1  spent  1  day  at  several  rushed  visits 
to  Queensland  University  of  Technol¬ 
ogy,  the  Center  for  Information  Tech¬ 
nology  Research  at  the  University  of 
Queensland,  and  Griffith  University. 
The  descriptions  below  are  very  brief 
and  are  based  on  my  conversations 
with  Mohay,  Cook,  and  Pritchard. 

Dr.  George  M.  Mohay 
School  of  Computing  Science 
Queensland  University  of 
Technology  (QUT) 

2  George  Street 
GPO  Box  2434 
Brisbane,  Queensland  4001, 

Australia 

Tel:  -♦-61-7-864-2605,  -2111 
Fax;  -♦-61-7-864-1510 
Email:  g.mohay@qut.cdu.au 


Queensland  University  of 
Technology  (QUT) 

QUT  is  a  new,  urban  university 
formed  from  an  Institute  of  Technol¬ 
ogy  in  1989.  There  are  about  12,000 
students  and  a  new  Ph.D.  program  in 
computer  science  built  around  a  faculty 
of  25,  as  well  as  another  25  faculty  in 
information  science,  both  within  the 
Faculty  of  Information  Technology. 
There  is  very  little  numerical  computa¬ 
tion,  but  there  are  several  transputer 
systems,  a  Convex,  and  a  proposal  for 
a  128-processing  element  (PE)  Meiko 
Computing  Surface  in  collaboration 
with  the  School  of  Computing  and 
Information  Technology  (CIT)  at 
Griffith  University  and  the  Mathemat¬ 
ics  Department  at  the  University  of 
Queensland  (see  below). 

Tom'  surprise  there  is  a  very  active 

Information  Security  Research 
Center 

Prof.  William  J.  Caelli,  Director 
Queensland  University  of 
Technology  (QUT) 

2  George  Street 
GPO  Box  2434 
Brisbane,  Queensland  4001, 
Australia 

Tel:  -1-61-7-864-2752,  -2111 
Fax:  4-61-7-221-2384 
Email;  w.caelli@qut.edu.au 

There  are  nine  faculty  members 
associated  with  the  center,  mostly  part 
time.  Its  major  activities  are  in  (each  of 
the  groups  below  has  three  to  eight 
researchers): 

•  Cryptology  (key  collisions  in  data 
encryption  standard,  statistical 
analysis  of  block  and  stream  ciphers). 

•  Risk  analysis  and  assessment  (meth¬ 
odologies,  automated  assessment  of 
vulnerability  of  key  management 
protocols). 
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•  Electronic  data  interchange/open 
systems  interconnection  (EDI/OSE) 
security  (security  management  infor¬ 
mation  base). 

•  Database  (DB)  security  [formal 
specification  of  DB  transaaions  and 
operations,  sensitive  DBs  in  insecure 
operating  systems  (OS)  and  data¬ 
base  management  systems  (DBMS)]. 

•  Access  control  and  secure  operat¬ 
ing  systems. 

•  Viruses  and  PC  security  (assessment 
of  viruses). 

The  center  is  both  a  research  and 
educational  center,  with  diploma 
(B.S.)  as  well  as  M.S.  and  Ph.D.  courses. 
There  is  also  a  significant  industrial 
partnership,  and  center  literature  lists 
various  clients  and  projects.  The  director, 
Caelli,  is  the  founder  of  Eracom,  a  com¬ 
pany  that  manufactures  cryptographic 
equipment  for  the  banking  industry. 

Center  for  information 
Technology  Research  (CITR) 

Mr.  Rob  Cook 
Director 

Center  for  Information  Technology 
Research  (CITR) 

University  of  Queensland 
Queensland  4072,  Australia 
Tel:  -1-61-7-365-4321 
Fax:  -t-61 -7-365-4399 
Email:  cook@citr.uq.oz.au 

CITR  is  an  independent,  for  profit, 
center  within  the  University  of 
Queensland  that  is  almost  5  five  years 
old.  It  was  established  with  a  seed 
grant  of$A6(X),000  ($461,539)  in  1986. 
It  is  now  self-funding  and  profitable 
and  supports  its  staff  of  26  (principally 
R&D  engineers,  7  with  Ph.D.  degrees) 
with  its  revenue,  as  well  as  another 
9-10  faculty  members  at  the  university. 
In  1990  its  revenue  was  about  SA2.1M 


(S1.6M)  and  it  had  a  profit  of  SA264,000 
($203,077).  It  is  working  in  four  major 
areas: 

•  Distributed  information  systems 
(distributed  database  and  informa¬ 
tion  systems). 

•  Smart  communications  (OSI,  X.400, 
X.500,  EDI,  B-ISDN,  performance 
analysis). 

•  Software  engineering  (expert  sys¬ 
tems,  formal  methods,  CASE  tools, 
Unix  system  applications). 

•  Microelectronics  (ASICs,  custom 
VLSI,  integrated  circuit  (IC)  design 
methodologies,  computer-aided 
design  (CAD)  software  tools). 

Griffith  University 

Prof.  Paul  Pritchard 
School  of  Computing  and 
Information  Technology 
Griffith  University 
Nathan,  Queensland  4111,  Australia 
Tel:  -^61-7-875-5010 

Griffith  University  is  a  14,000- 
student  university  outside  the  City  of 
Brisbane,  with  a  new  information  tech¬ 
nology  (IT)  school  composed  of  about 
two  dozen  faculty,  mostly  newly 
recruited.  The  Stateof Queensland  has 
established  a  Software  Quality  Insti¬ 
tute  at  the  university  that  will  perform 
research,  consult  and  cooperate  with 
industry,  and  provide  various  degree 
professional  development  courses.  Both 
the  IT  school  and  this  institute  arc 
going  through  the  usual  birth  process. 

AUSTRAUAN  NUCLEAR 
SCIENCE  AND  TECHNOLOGY 
ORGANIZATION  (ANSTO) 

This  is  the  country’s  governmental 
nuclear  science  and  technology  (S&T) 
organiz.ation.  It  is  responsible  for  all 


aspects  of  nuclear  science  and  related 
activities,  including  applied  research, 
commercialization,  training,  etc.  It  is 
the  governmental  arm  responsible  for 
supporting  national/international  poli¬ 
cies  and  interests.  ANSTO  has  a  staff  of 
800 with  a  budget  allocation  of  $A60M 
($46.2M).  ANSTO’s  main  facility  is 
located  in  suburban  Sydney;  its  major 
programs  are  as  follows: 

•  Advanced  Materials.  A  main  proj¬ 
ect  focuses  on  the  development  of 
“Synroc,”  a  ceramic  matrix  for  high 
level  radioactive  waste  immobiliza¬ 
tion.  This  synthetic  rock  is  analo¬ 
gous  to  natural  materials  that  are 
known  to  retain  their  original  con¬ 
tent  of  radioactive  elements  for 
millions  of  years.  A  demonstration 
plant  has  been  built  at  ANSTO. 
(On  this  project  there  is  collabora¬ 
tion  between  Australia,  the  United 
Kingdom,  Italy,  and  Japan.)  Other 
projects  include  ceramic  supercon¬ 
ductors,  biomedical  piezoelearic  and 
ultra-high  strength  ceramics,  high- 
energy  density  capacitors,  plasma 
processing  of  materials,  and  rem¬ 
nant  life  assessment  of  engineering 
components  in  industrial  plants. 

•  Applied  Physics.  Installation  of 
tandem  accelerator  for  research  on 
mass  spectrometry,  neutron  radi¬ 
ography,  laser  enrichment  technol¬ 
ogy,  radiation  detection  and  stan¬ 
dards,  sources,  instrumentation,  etc. 

•  Environmental  Science.  Environ¬ 
mental  impact  associated  with  mining 
of  uranium  and  related  ores,  trans¬ 
port  processes,  biological  uptake, 
groundwater  and  atmospheric 
uptake  modeling,  chemistry  of 
waters,  etc. 

•  Industrial  Technology.  Quality 
assurance,  total  quality  control,  safety 
and  reliability  assessments,  etc., 
mostly  related  to  isotopes,  radiation, 
radiochemistry. 
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•  Biomedicine.  Nuclear  applications, 
radiation  biology,  radiopharmacol¬ 
ogy,  radiochemistry,  modeling,  etc. 
ANSTO  also  owns  and  operates  a 
cyclotron  in  conjunction  with  the 
Royal  Prince  Alfred  Hospital. 

•  Nuclear  Technology.  Neutronics  and 
thermal  engineering  and  operation 
of  two  research  reactors.  TTie  large 
one,  HIFAR,  produces  radio¬ 
isotopes  for  medicine  and  industry, 
and  these  are  sold  commercially, 
generating  a  substantial  amount  of 
revenue. 

There  has  been  a  significant  change 
in  ANSTO  and  other  Australian  Gov¬ 
ernment  research  facilities  in  that  by 
1993  they  must  generate  30%  of  their 
funding  from  outside  sources.  This  has 
permeated  all  aspects  of  the  organi¬ 
zation’s  activities.  One  effort  in  this 
direction  is  the  decision  to  set  up 
Australian  Supercomputing  Technol¬ 
ogy  (AST),  a  joint  venture  between 
ANSTO  (70%)  and  Fujitsu  (30%).  The 
Japanese  company  will  invest  $A18M 
(S13.9M)  over  5  years.  The  heart  of  the 
project  is  the  installation  of  a  VP2200, 
configured  similarly  to  the  one  at  ANU, 
except  that  (at  first)  it  will  run  aslightly 
older  version  of  Fujitsu’s  Unix.  AST  is 
planning  to  develop  engineering  appli¬ 
cation  software  and  sell  service,  not 
time,  on  this  machine.  When  I  visited, 
AST  had  just  moved  into  a  new  build¬ 
ing  (telephones  had  just  been  installed); 
the  VP  had  just  arrived  and  was  under¬ 
going  acceptance  testing.  My  contact 
at  ANSTO  was 

Dr.  Jerard  Barry 
Australian  Nuclear  Science  & 
Technology  Organization 
Lucas  Heights  Research 
Laboratories 
New  Illawarra  Road 
Lucas  Heights,  New  South  Wales, 
Australia 


Tel:  +61-2-543-3111 

Fax:  +61-2-543-9273,  -5097,  -9429 

Email:  jmb@atom.lhrl.oz.au 

Barry  is  an  applied  mathematician 
who  has  worked  with  Gene  Wachpress 
in  the  area  of  reactor  modeling.  One  of 
his  recent  activities  has  been  to  run 
workshops  on  the  use  of  supercomput¬ 
ing  for  Australian  scientists. 

COMMONWEALTH 
SCIENTIFIC  AND  INDUSTRIAL 
RESEARCH  ORGANIZATION 
(CSIRO) 

CSIRO  is  Australia’s  largest  scien¬ 
tific  research  organi7.ation,  with  a  staff 
of  7,200  including  2,500  scientists  and 
engineers,  working  in  laboratories  all 
over  the  country.  Recently  CSIRO 
went  through  a  lengthy  priority  setting 
exercise,  and  its  entire  structure  has 
been  changed  to  make  the  pieces 
function  in  a  more  coordinated  way 
and  to  make  sure  that  the  research  has 
some  direction  and  applicability.  As 
with  other  governmental  facilities, 
CSIRO  is  hoping  to  bring  in  30%  of  its 
funding  from  external  sources  by  1993 
and  has  worked  out  details  of  various 
possible  partnerships  and  other  com¬ 
mercial  arrangements.  CSIRO  is 
definitely  “marketing”  its  activities,  with 
slick  newsletters,  classy  annual  reports 
describingearnings  from  the  operating 
units,  press  releases,  calendars,  etc.,  as 
well  as  the  usual  collections  of  techni¬ 
cal  reports.  Every  piece  of  literature  I 
picked  up  stresses  “increase  competi¬ 
tiveness  of  Australian  industry,”  “give 
strong  economie  benefit  to  the  nation,” 
etc.  Interested  scientists  will  get  a  mail¬ 
box  full  of  information  by  contacting 

CSIRO 

Level  7, 92  Pitt  Street 

Sydney,  New  South  Wales  2000, 
Australia 

Tel:  +61-2-235-1855 


The  new  CSIRO  structure  groups 
everyone  into  one  of  six  institutes, 
which  are  further  subdivided  into  divi¬ 
sions.  Actual  operations  are  widely 
distributed.  For  example,  the  Division 
of  Mathematics  and  Statistics  has 
regional  offices  in  Sydney,  Melbourne, 
Canberra,  Adelaide,  and  Perth.  Further 
distribution  occurs  because  many  univer¬ 
sity  faculty  members  have  significant 
research  collaborations  with  CSIRO 
scientists  and  because  some  CSIRO 
sites  are  essentially  on  university  cam¬ 
puses.  CSIRO  also  operates  the 
Australia  Telescope  and  the  oceano¬ 
graphic  research  vessel  RV  Franklin. 
Below  I  have  listed  the  institutes  and 
divisions.  For  each  institute  I  have 
given  its  percentage  of  operating  funds. 
I  visited  scientists  at  the  two  marked 
CSIRO  divisions,  and  more  details  about 
these  are  given  below  this  list. 

Information  Science  and  Engineering 

(6.8%) 

Information  Technology  (visited) 
Mathematics  and  Statistics  (visited) 
Radiophysics 

Space  Science  and  Applications 

Industrial  Technologies  (17.2%) 

Applied  Physics 
Biotechnology 
Chemicals  and  Polymers 
Manufacturing  Technology 
Materials 

Natural  Resources  and  Environment 
(15.3%) 

Atmospheric  Research 
Fisheries 
Oceanography 
Water 

Wildlife  and  Ecology 
Environmental  Mechanics 
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dinerals.  Energy  and  Construction 
17.1%) 

Building,  Construction,  Engineering 
Exploration  Geoscience 
Geomechanics 

Mineral  and  Process  Engineering 

Mineral  Products 

Coal 

Fuel 

initnal  Production  and  Processing  (20%) 

Animal  Health 
Animal  Production 
Tropical  Animal  Production 
Food  Processing 
Human  Nutrition 
Wool 

Plant  Production  and  processing  (23. 6% ) 

Entomology 

Forestry 

Horticulture 

Plants 

Tropical  Crops  and  Pastures 
Soil 

The  Institute  of  Information  Sci¬ 
ence  and  Engineering  was  of  greatest 
interest  to  me,  as  it  houses  most  of  the 
directly  supported  computing  and  math 
activity.  Its  total  budget  is  about 
$A40M  (S30.8M),  with  a  staff  of  around 
450.  The  two  largest  groups  are  Radio¬ 
physics  and  Australian  Telescope, 
accounting  for  about  60%  of  the  staff 
and  almost  half  the  budget  Some  details 
of  two  specific  divisions  are  given  below. 
A  general  contact  for  the  institute  is 

Dr.  R.H.  Frater 
Director 

Institute  of  Information  Science  and 
Engineering 
P.O.  Box  93 

Northe  Rydc,  New  South  Wales  21 13, 
Australia 

Tel:  -t-61-2-887-8220 
Fax:  -f- 61 -2-887-2736 


Institute  of  Information  Science 
and  Engineering 

Division  of  Mathematics  and 
Statistics.  This  division  has  a  staff  of 
about  90  and  a  SA5M  (S3.9M)  budget. 
The  division’s  expertise  is  in  mathe¬ 
matical  and  statistical  modeling,  quality 
and  process  improvement,  statistical 
experimentation,  computational  fluids, 
signal  and  image  analysis,  large  data¬ 
sets,  graphics,  mathematical/statistical 
computing  environments,  and  opera¬ 
tions  research.  Its  main  location,  out¬ 
side  Melbourne  near  Monash  Univer¬ 
sity,  means  that  the  division  has  active 
contact  with  this  university’s  staff.  My 
host  here  was 

Dr.  A.N.  (Nick)  Stokes 
CSIRO 

Division  of  Mathematics  and 
Statistics  (DMS) 

Bayview  Avenue 
Private  Bag  10 

Clayton,  Victoria  3168,  Australia 
Tel:  -1-61-3-542-2268 
Fax:  +61-3-543-6613 
Email:  nick@dmsmclb.dnis.oz 

Western  scientists  know  quite  a  bit 
about  the  work  of  selected  scientists  at 
DMS  such  as  Frank  de  Hoog, 
Paul  Cleary,  Nick  Stokes,  and  perhaps 
others.  Frank  de  Hoog,  for  example, 
won  the  1988  Medal  of  the  Australian 
Mathematical  Society  for  his  work  in 
numerical  solution  of  differential  and 
integral  equations.  A  number  of  papers 
from  this  division  were  presented  at 
the  International  Conference  on 
Computational  Techniques  and  Appli¬ 
cations  (CTAC91)  in  Adelaide  (below). 
One  described  modeling  of  the  sound 
generated  by  the  blades  of  industrial 
fans  in  an  effort  to  minimize  this  kind 
of  noise,  while  another  modelled  flow 
of  granular  materials  during  grinding 
or  crushing  operations.  Another 


interesting  project  is  the  development 
of  a  smart  battery  tester,  a  floating 
point  microprocessor  that  can  assess 
the  quality  of  a  car  battery  at  an  arbitrary 
state  of  charge  and  temperature. 

Within  the  division,  four  groups 
have  their  individual  focus: 

•  Applied  Math:  CFD  and  related 
physical  modeling. 

•  Statistics:  Quality/process  improve¬ 
ment,  wear  assessment,  modeling 
of  industrial  processes,  computer- 
intensive  statistical  methods,  fis¬ 
sion  track  analysis. 

•  Signal-Image  Analysis:  Multispec- 
tral  remote  sensing,  analysis  of  high 
dimensional  data,  image  analysis  of 
microstructure,  signal  detection, 
software  for  image  analysis. 

•  Software  and  Networks:  Enhance¬ 
ments  to  “S”  (well-known  statistical 
environment  from  Bell  Labs), 
networking,  and  X-Windows 
support. 

Division  of  Information  Technol¬ 
ogy  (DIT).  This  division,  with  a  staff  of 
80  and  a  SA6M  (S4.6M)  budget,  is 
colocated  in  Melbourne,  Sydney,  and 
on  the  ANU  campus  in  Canberra.  In 
Canberra,  my  host  was 

Dr.  Phillip  K.  Robertson 
CSIRO 

Division  of  Information  Technology 
Center  for  Spatial  Information 
Systems 
GPO  Box  664 

Canberra,  ACT  2601,  Australia 
Tel:  +61-6-275-0911 
Fax:  +61-6-257-1052 
Email:  robertson@csis.dit.csiro.au 

In  Melbourne  I  visited  a  number  of 
people,  including 
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Dr.  Robert  Bell 
CSIRO 

Division  of  Information  Technology 
Manager,  Supercomputing  Support 
Group 

723  Swanston  Street 
Carlton,  Victoria  3053,  Australia 
Tel:  +61-3-282-2630 
Fax:  +61-3-282-2600 
Email:  csrcb@mel.(lit.csiro.au 

and 

Dr.  David  Abramson 
Project  Manager 
CSIRO 

Division  of  Information  Technology 
High  Performance  Computation 
Project 

723  Swanston  Street 

Carlton,  Victoria  3053,  Australia 

Tel:  +61-3-282-2630 

Fax:  +61-3-282-2600 

Email:  davida@mel.dit.csiro.au 

as  well  as  Dr.  Rhys  Francis  (Email: 
rhys@mel.dit.csiro.au). 

The  division  has  three  main  program^ 
and  each  has  several  subprojects: 

•  High  Performance  Computing  and 
Communications  (Melbourne) 

•  Open  Communication 

•  High  Performance  Computation 

•  Knowledge-Based  Systems  (Sydney) 

•  Knowledge  Modeling 

•  Knowledge  Systems  Engineering 

•  Knowledge  &  Information 
Navigation 

•  Spatial  Information  Systems 
(^nberra) 

•  Systems  Design  &  Development 

•  Visualization  Systems 

•  Geographic  Information  Systems 

•  Decision  Support  Systems 


Queries  about  projects  should  be 
addressed  to  the  laboratory  managers 
at  these  sites:  Abramson  in  Melbourne, 
Dr.  Peter  Fox  in  Canberra,  and  Dr. 
Bob  Jansen  in  Sydney. 

Dr.  Peter  Fox 
CSIRO 

Division  of  Information  Technology 
Center  for  Spatial  Information 
Systems 
GPO  Box  664 

Canberra,  ACT  2601,  Australia 
Tel:  +61-6-275-0911 
Fax:  +61-6-257-1051 
Email:  fox@csio.dit.csiro.au 

Mr.  Robert  Jansen 
CSIRO 

Division  of  Information  Technology 
P.O.  Box  1599 

Macquarie  Center,  North  Ryde  2113, 
Australia 

Tel:  +61-2-887-9379 
Fax:  +61-2-888-7787 
Email:  jansen@syd.dit.csiro.au 

High  Perfonmaice  Computing. 
I  describe  some  aspects  of  the  High 
Performance  Computing  project  in  the 
context  of  a  paper  presented  at  CTAC91 
in  Adelaide.  For  me,  the  interesting 
thing  is  that  the  research  is  application 
driven.  The  CTAC’91  paper  discusses 
a  special-purpose  weather  modeling 
language  being  developed  for  fast  pro¬ 
totyping  and  development  of  climate 
modeling  schemes  on  a  variety  of  par¬ 
allel  and  vector  computers.  The  group 
is  also  looking  at  architectural  aspects 
ofclimatc  and  weather  modelingappli- 
cations  (what  machine  architectures 
suit  this  type  of  computation)  and  has 
tried  a  number  of  different  parallel 
machines  against  the  dynamics  of 
weather  models. 

Several  other  applications  arc  also 
being  studied.  One  is  the  development 
of  a  special-purpose  architecture  for 
implementation  of  simulated  annealing 


for  discrete  event  scheduling  prob¬ 
lems.  This  is  a  board  for  a  PC  which  I 
was  told  provides  a  50-fold  performance 
improvement  over  a  Cray  Y/MP  (but 
no  floating  point;  these  are  purely 
combinatoric  computations).  This  is 
now  at  the  stage  of  commercializing  an 
implementation  for  school  timetable 
construction,  which  is  done  by  apply¬ 
ing  simulated  annealing  to  minimize  a 
cost  function  associated  with  the  num¬ 
ber  of  clashes  in  any  given  timetable. 

Another  application  is  to  biomo- 
lecular  computing,  with  the  division 
staff  studying  whether  special-purpose 
hardware  or  a  commercial  multipro¬ 
cessor  will  be  best  for  running  the  drug- 
design  software,  X-Plor.  They  have  run 
versions  of  the  package  on  a  Vax  8800, 
Cray  X-MP,  Y-MP,  a  Convex  C-1,  a 
Sparc  4/65,  and  on  the  Encore  Multimax 
and  have  been  looking  at  the  Schedule 
package  (Dongarra,  Sorenson)  for 
process  forking. 

A  final  project  is  to  parallelize  an 
existing  computer  system  simulation 
kernel  and  compare  Chandy-Misra  with 
timewarpsimulation  methods.  For  the 
past  few  years  the  High  Performance 
group  has  also  been  studying  dataflow, 
but  thai  research  has  mostly  Hnished 
now.  The  group  did  not  find  anything 
commercially  viable  in  an  Australian 
context,  although  Abramson  mentioned 
that  in  Japan  Prof.  Terada  (Osaka 
University)  had  recently  build  a  data¬ 
flow  chip  with  the  support  of  several 
Japanese  companies,  and  he  also  men¬ 
tioned  work  at  the  Japanese  Electro¬ 
technical  Laboratory  (ETL)  that  we 
have  reported  on  several  times  during 
the  past  year. 

In  the  Open  Communication  proj¬ 
ect  group,  I  only  had  a  brief  opportu¬ 
nity  to  meet  with  Dr.  Trevor  Hales,  its 
project  manager.  Project  literature  notes 
that  the  goals  of  the  group  are  to 
develop  applications  using  the  com¬ 
munications  standards  provided  by 
the  OSl  protocols  produced  by  CCITT 
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and  ISO.  Current  areas  are  ISODE 
(software  implementation  of  OSI 
standards),  PP  enhancements  (an 
implementation  of  the  X.400  standard), 
Directory  User  Agents  (DUAs)  for 
interrogation  of  databases  (this  is 
associated  with  the  X.500  standard), 
and  developing  a  distributed  meetings 
organizer  using  the  ANSA  distributed 
workbench. 

The  Supercomputing  Support  group 
(R.  Bell)  is  part  of  DIT  and  is  responsi¬ 
ble  for  assisting  CSIRO  users  in  super¬ 
computing  as  well  as  developing  a 
CSlRO-wide  supercomputing  policy 
and  strategic  plan. 

After  I  left  Australia,  Abramson 
wrote  to  mention  the  cooperative 
research  center,  the  Center  for  Intelli¬ 
gent  Decision  Systems  (CIDS).  This  is 
concerned  with  R&D  in  intelligent 
decision  support  systems,  including 
planning  and  scheduling,  real-time 
control,  advanced  database,  vision,  and 
spatial  planning  systems.  The  partici¬ 
pants  include  the  Australian  Ariificial 
Intelligence  Institute  (AAII),  the 
University  of  Melbourne,  RMIT, 
CSIRO,  and  the  Aeronautical  Research 
Laboratories  (ARL)  of  the  Defense 
Department.  The  center  director  is 
Dr.  Michael  Georgeff  of  AAII 
(georgeff@aaii.oz.au).  Abramson’s 
group  is  collaborating  with  these 
researchers  in  applying  parallel 
computing  to  such  intelligent  systems, 
in  particular,  in  computationally  expen¬ 
sive  scheduling  and  planning  .systems. 

Knowledge-Based  Systems. 

Until  recently  the  basic  emphasis  here 
was  in  knowledge  processing  (hard¬ 
ware  and  software),  in  particular,  in 
a.s.sociativc  mcmoiy  techniques.  In  1988 
the  group  built  a  high-speed  table  search 
proccs.sor  (Relational  Algebra  Accel¬ 
erator,  RAA)  jointly  with  the  Univer¬ 
sity  of  New  South  Wales.  Tlierc  has 
also  been  research  in  Persistent  Prolog, 
tools  to  help  construct  and  maintain 
rule-based  expert  systems  (especially 


maintenance  of  systems  evolved  through 
extended  use),  and  a  knowledge  dic¬ 
tionary  for  hypertext  and  hypermedia. 
Finally  there  has  also  been  work  on 
evolving  the  methodology  of  the  entity 
relationship  attribute  approach  to 
encompass  Jackson’s  CSP  approach. 
Various  prototypes  have  been  built. 

The  emphasis  is  now  on  the  devel¬ 
opment  of  knowledge  acquisition, 
represcntation,and  navigation  (hyper¬ 
media)  techniques  and  on  the  integra¬ 
tion  of  the.se  into  hypermedia  advisory 
systems,  e.g.,  for  complex  documenta¬ 
tion,  technical  publications,  and  gov¬ 
ernment  legislation.  A  Hyperbook 
product  (Knowledge  Dictionary)  based 
on  Bob  Jansen’s  thesis  will  be  pub¬ 
lished  by  Academic  Press  next  year. 
Research  on  knowledge  acquisition  is 
largely  based  on  John  Debenham’s  wrrrk 
on  knowledge  systems  engineering  (see 
his  book  on  this  subject).  (Debenham 
is  at  the  University  of  Technology  Sydney 
(UTS),  newly  upgraded  and  renamed 
from  the  New  South  Wales  Institute  of 
Technology,  and  working  part-time  with 
DIT).  Recently,  a  Center  for  Advanced 
Systems  Engineering  has  been  estab¬ 
lished  between  CSIRO  and  Macquarie 
University,  and  the  division  will  be 
contributing  to  projects  in  this  center. 

Spatial  Information  Systems. 
The  basic  interests  in  this  group  are 
spatial  databa.ses,  spatial  inferencing, 
image  processing,  spatial  analysis  and 
mapping,  advanced  graphics,  and  related 
distributed  computing.  This  group  u-ses 
a  Maspar  MP-1  with  1,024  processors 
for  much  of  their  research.  Avery  well 
written  paper  on  the  group’s  experi¬ 
ences  using  it  to  render  perspectives  of 
terrain  surfaces  was  presented  at 
Computer  Graphics  International  ’91, 
in  Boston. Therearca  numbcrofintcr- 
esting  projects  and  actual  prtxlucts  that 
arc  associated  with  the  group. 

The  Interactive  Territory  Assign¬ 
ment  (ITA)  addresses  location- 
allocation  problems.  There  arc  various 


options  to  address  criteria  such  as  effi¬ 
ciency  in  terms  of  transportation  cost, 
compactness  of  territory  shape,  restric¬ 
tions  on  size  and  connectivity,  etc.  ITA 
is  being  used  by  a  Victorian  bank  to 
study  branch  locations  and  by  the 
Australian  Electoral  Commission  for 
rcdistricting  proposals.  I  was  particu¬ 
larly  interested  in  this,  as  it  has  many 
similarities  with  software  developed 
at  the  National  Institute  of  Standards 
and  Technology  (NIST)  for  Internal 
Revenue  Service  (IRS)  locating. 

GAIA  is  a  terrain  modeling/analysis 
system  that  develops  regular  grid  ele¬ 
vation  models  and  incorporates  drain¬ 
age,  allowing  applications  where  water 
flow  is  important.  This  is  being  used  by 
the  Department  of  Forestry  and  the 
Australian  Surveying  and  Land  Infor¬ 
mation  Group. 

One  of  the  larger  projects  is  the 
development  of  DISIMP  (Device  Inde¬ 
pendent  Software  for  Image  Process¬ 
ing),  specifically  designed  for  analysis 
of  remotely  sensed  data,  including 
multispectral  images  from  Landsat, 
Spot,  and  the  National  Oceanic  and 
Atmospheric  Administration  (NOAA) 
satellites,  which  allow  integration  of 
these  images  with  related  topographic, 
geophysical,  and  cultural  data.  'There 
are  over  50  DISIMP  sites  worldwide 
and  the  software  is  being  distributed  by 
Sun,  but  it  also  runs  on  a  number  of 
other  vendor’s  workstations. 

The  Visualization  group  has  been 
studying  the  demands  on  hardware 
and  software  by  realistic  problems. 
Robertson  made  it  clear  to  me  that  he 
feels  the  emergence  of  inexpensive 
parallel  systems  (especially  single 
instruction/multiple  data  (SIMD)  sys¬ 
tems),  along  with  increased  display- 
processor  bandwidths  and  large  mem¬ 
ories,  will  be  able  to  support  interac¬ 
tive  displays  on  modest  cost  systems. 
What  is  still  needed  is  appropriate 
software,  such  as  user  interface, 
display  design  an^’  coast  ruction,  and 
integration  of  parallel  algorithms.  In 
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particular,  he  believes  that  much  more 
work  needs  to  be  done  on  methodolo¬ 
gies  for  interactive  display  design,  and 
some  type  of  information  theory  for 
visualization  is  badly  required.  I  agree. 

Remarks.  I  was  extremely 
impressed  with  the  scope  of  activities 
in  this  division.  They  have  excellent 
links  with  scientists  outside  of  Australia. 
In  the  area  of  parallel  computation, 
Abramson  and  his  colleagues  are  very 
well  informed.  He  is  one  of  the  orga¬ 
nizers  of  a  conference  on  “High  Per¬ 
formance  Special  Purpose  Architec¬ 
tures  (HICSS)”  to  be  held  7-10  January 
1992  in  Kauai,  Hawaii,  and  is  one  of 
the  co-chairs  of  the  1992  ACM  Inter¬ 
national  Symposium  on  Computer 
Architecture  to  be  held  on  the  Gold 
Coast  in  May  1992.  (Also  in  May  1992 
there  will  be  the  International  Confer¬ 
ence  on  Software  Engineering,  to  be 
held  in  Melbourne;  the  General  Chair 
is  A.Y.  Montgomery  from  the  Royal 
Melbourne  Institute  of  Technology, 
aym@goanna.cs.rmit.oz.au.)  Abramson 
has  also  compiled  a  directory  of  paral¬ 
lel  processing  projects  in  Australia.  Both 
the  High  Performance  and  the  Visual¬ 
ization  groups  have  written  a  large 
number  ofpapers;  almost  all  have  been 
published  in  easily  obtained  journals 
or  conference  proceedings  from  ACM, 
IEEE,  etc.,  so  I  will  not  list  these  here. 
Interested  readers  should  contact  cither 
Robertson  or  Abramson  directly  at  the 
addresses  above. 

The  division  is  a  member  of  the 
Australian  Software  Foundation  (ASF), 
a  common  interest  user  group  formed 
to  promote  the  industrialization  of 
software  development.  The  founda¬ 
tion  has  the  support  of  the  Government 
and  the  major  industry  association  in 
Australia.  In  December  1990,  ASFand 
its  European  counterpart  ESF  signed 
a  memorandum  of  understanding 
(MOU).  ESF  has  generated  over  S5(X)M 
in  funding  over  10  years.  There  is  also 
an  MOU  with  the  Eureka  Software 


Faetory  to  collaborate  on  the  develop¬ 
ment  and  promotion  of  the  Software 
Factory  concept.  The  division’s  chief 
(John  O’Callaghan)  has  been  actively 
involved  in  ASF  and  with  developing 
international  links  in  the  area  of  software 
engineering  and  IT  in  general.  He  has 
been  responsible  within  ASF  for 
coordinating  German-Australian  work¬ 
shops  on  object-oriented  approaches 
to  software  engineering  with  GMD- 
the  first  was  held  in  January  1991;  the 
second  will  be  in  November  91.  Funding 
for  these  workshops  comes  under  the 
Australia-Germany  S&T  Agreement. 

INTERNATIONAL 
CONFERENCE  ON 
COMPUTATIONAL 
TECHNIQUES  AND 
APPLICATIONS 

The  International  Conferenee  on 
Computational  Techniques  and  Appli¬ 
cations  (CTAC’91)  was  held  in  Adelaide, 
South  Australia,  on  15-17  July  1991. 
The  University  of  Adelaide  is  adjacent 
to  the  University  of  South  Australia. 
Both  shared  the  responsibilities  of 
managing  this  meeting.  The  general 
chair  was 

Prof.  B.J.  Noye 
University  of  Adelaide 
GPO  Box  498 

Adelaide  50()1,  South  Australia 
Tel:  08-228-5075 
Fax:  08-224-0227 

Noye  was  also  the  author/coaulhor  of 
four  contributed  papers.  The  confer¬ 
ence  director  was 

Prof.  B.R.  Benjamin 
University  of  South  Australia 
The  Levels  5095,  South  Australia 
Tel:  08-.143-.1084 
Fax:  ()8-.349-4367 
Email:  mabrbtVj  Iv.Ievels. 
unisa.edu.au 


Immediately  following  the  confer¬ 
enee,  a  1-day  supercomputing  work¬ 
shop  was  held  by  Dr.  Jerard  Barry, 
Australian  Nuclear  Science  and  Tech¬ 
nology  Agency,  to  initiate  scientists 
about  the  issues  of  vectorization  and 
algorithm  restructuring. 

The  conference  consisted  of  six 
invited  addresses  and  about  50  contrib¬ 
uted  half-hour  lectures  in  two  parallel 
sessions.  The  invited  addresses  were 
the  following: 

•  “Computational  Mechanics,”  Marc 
Cross  (Thames  Polytechnic) 

•  “Applications  of  Supercomputers,” 
Graham  Carey  (University  of  Texas, 
Austin) 

•  “Symbolic  Computing,  Automatic 
Programming  and  Literate  Program¬ 
ming,”  Bart  Childs  (Texas  A&M 
University) 

•  “Parallel  Matrix  Decomposition, 
Algorithms  for  Separable  Elliptic 
BVP,”  Graeme  Fairweather  (Uni¬ 
versity  of  Kentucky) 

•  “Exploiting  Parallelism  in  the 
Solution  of  Multipoint  BVP,” 
Mike  0.sborne  (Australian  National 
University) 

•  “Finite  Element  Methods  for 
Complicated  Laminar  Flows,” 
Nick  Stokes  (CSIRO) 

There  were  between  100  and  150 
attendees;  all  but  one  or  two  were 
Australian.  This  was  surprising  to  me, 
as  the  meeting  was  well  advertised  inter¬ 
nationally  and  would  have  been  a  valu¬ 
able  way  of  learning  about  the  excel¬ 
lent  w(jrk  “down  under.”  CTAC 
reminded  me  of  earlier,  and  much 
smaller,  SIAM  conferences  in  the  United 
States.  The  atmosphere  was  very  aca¬ 
demic,  there  were  no  vendors  or  other 
exhibits,  and  everybody  seemed  to  know 
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everybody  else.  Several  Japanese  con¬ 
ferences  in  computational  mathemat¬ 
ics  have  had  this  same  flavor. 

The  contributed  papers,  with  a  few 
notable  exceptions,  focused  on  the 
analysis  of  physical  systems,  notably 
weather,  ocean  flows  and  tides,  and 
various  simulations  associated  with  the 
huge  mineral  industry,  such  as  flows 
inside  a  gas  cyclone,  extrusion  and  solid¬ 
ification  in  aluminum  processing,  gran¬ 
ular  flows,  well  bores,  etc.  The  empha¬ 
sis  was  on  analysis,  rather  than  compu¬ 
tation,  but  several  supercomputer 
computations  were  shown.  Some  were 
done  in  Australia,  others  at  collab¬ 
orator’s  institutions.  Two  interesting 
collaborations  were  (1)  a  paper  on 
simulating  sedimentation  via  molecu¬ 
lar  dynamics  by  scientists  from  the 
Materials  Research  Laboratory  of  the 
Australian  Defense  Science  and  Tech¬ 
nology  Organization  and  the  Materials 
Division  of  the  U.S.  Naval  Research 
Laboratory  (NRL)  in  Washington,  DC, 
using  a  Cray  X-MP;  and  (2)  a  paper 
modeling  detonation  in  homogeneous 
materials,  also  by  DSTO’s  Materials 
Research  Laboratory,  and  the  Aero¬ 
space  Engineering  Department  of  the 
University  of  Michigan  and  the  Com¬ 
putational  Physics  Laboratory,  again 
at  NRL,  this  time  using  a  Cray  Y-MP  at 
a  service  bureau  in  Australia. 

Another  good  example  of  the  type 
of  modeling  that  typifies  Australian 
flow  research  is  the  work  of  A.  Stokes 
(CSIRO).  This  includes  finite  differ¬ 
ence,  discrete  vortex,  spectral 
approaches,  and  finite  element 
approaches.  For  the  latter  they  have 
been  focusing  on  simplex  geometry  and 
automatic  mesh  generation. 

Dr.  A.N.  Stokes 

CSIRO 

Division  of  Mathematics  and 
Statistics 

Bayview  Avenue,  Private  Bag  10 

Clayton,  Victoria  3168,  Australia 


Tel:  -1-61-3-52-2268 

Fax:  -1-61-3-523-9324 

Email:  nick@dmsmelb.dms.oz 

Many  of  the  speakers  distributed 
copies  of  their  papers  to  the  confer¬ 
ence  attendees.  A  proceedings  will  also 
be  available  from  the  meeting  orga¬ 
nizers,  but  not  for  several  months. 
Because  the  papers  are  all  in  English 
and  very  accessible  I  will  not  review 
many  in  detail,  but  instead  I  will  describe 
a  few  that  were  of  particular  interest 
to  me  (I  omit  discussion  of  any  papers 
entirely  by  U.S.  authors.) 

One  of  the  most  advanced  projects, 
in  terms  of  applications,  was  presented 
by  R.  Francis,  D.  Abramson,  and  M.  Dix 
(CSIRO),  a  collaboration  between  the 
Information  Technology  and  Atmo¬ 
spheric  Research  Divisions.  They  are 
looking  at  good  ways  to  build  large 
(and  extremely  complex)  weather  pre¬ 
diction  programs  and  how  these  pro¬ 
grams  can  most  readily  adapt  to  the 
increasing  number  and  diversity  of 
parallel  processing  environments  that 
are  becoming  available.  Their  base 
program  is  a  20,000-line  Fortran  77 
program,  a  nine  layer  (9  x  64  x  56) 
climate  model.  They  have  developed 
a  new  spec  language  (DWARF)  and  a 
separate  code  generation  system  that 
is  tailored  for  several  existing  shared 
memory  distributed  memory  machines. 
Of  course,  the  goal  is  not  only  to  allow 
rapid  prototyping  but  also  efficient  code 
generation.  Because  DWARF  is  more 
specific  than  a  general  parallel  lan¬ 
guage,  they  feel  it  will  be  easier  and 
faster  to  retarget  to  a  new  machine 
than  with  a  conventional  compiler. 
Several  examples  were  presented,  related 
mostly  to  the  shallow  water  equations. 
The  authors  freely  admit  that  many 
researchers  are  studying  automatic,  or 
semiautomatic,  parallelism.  But  I  like 
this  approach  because  it  is  closely  tied 
to  a  specific  application  domain;  many 
people  believe  that  too  much  general¬ 
ity  cannot  permit  really  efficient  code 


development.  For  information,  contact 
Dr.  David  Abramson  (see  the  section 
on  CSIRO  for  his  complete  address). 

Grant  Keady  (University  of  Western 
Australia)  gave  a  lecture  surveying 
software  tools  for  generating  Fortran 
or  C  from  computer  algebra  (CA)  sys¬ 
tems,  typically  Reduce  or  Maesyma, 
but  also  other  systems  such  as 
Mathematica.  CA  systems  have  had  their 
greatest  use  when  there  is  some  “alge¬ 
bra”  to  be  done.  Keady’s  interest  has 
been  associated  with  Jacobian  code 
production  for  various  optimization 
algorithms.  One  can  use  CAs  to  gener¬ 
ate  Fortran  or  C,  but  it  is  usually  better 
to  make  use  of  one  of  several  higher 
level  systems  (called  a  GenTran,  for 
Generation  and  Translation)  that  hides 
many  of  the  details.  Some  of  these 
GenTrans  have  been  focused  on  the 
Nag  library  (particularly  those  devel¬ 
oped  in  Europe).  I  had  not  realized 
that  so  much  work  has  already  been 
done  in  this  area.  Details  of  a  work¬ 
shop  on  symbolic  computing  and  applied 
math  were  pre8>ented  in  the  SigSam 
Bulletin,  Ju\y  1991.  Another  workshop 
to  be  held  on  23  October  1991  (Envi¬ 
ronments  for  Numerical  and  Algebraic 
Computation)  at  the  University  of 
London  Computing  Center  will  focus 
on  Senac  from  the  Um’versity  of  Waikato 
(New  Zealand).  In  mid-July  1992,  there 
will  also  be  a  workshop  on  Maple  in 
teaching  of  mathematics,  to  be  held  in 
Perth  after  a  week  containing  three 
other  mathematics  meetings  (Australian 
Mathematics  Society,  Australian  Sta¬ 
tistics  Society,  Combinatorial  Mathe¬ 
matics  &  Combinatorial  Computing). 
At  the  Auckland,  New  Zealand,  Scien¬ 
tific  Computation  and  Differential 
Equations  meeting  (January  1993)  there 
will  be  some  demonstrations  of 
GenTrans  associated  with  control  theory 
packages.  The  vigorous  level  of  research 
on  this  topic  in  Australia  and  New 
Zealand  has  not  made  itself  felt  signif¬ 
icantly  in  the  United  States.  For  exam¬ 
ple,  a  meeting  in  Purdue  at  the  end  of 
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1988  (IMACS/IFAC  International 
Conference  on  Expert  Systems  for 
Numerical  Computing)  had  no  partic¬ 
ipants  from  either  of  these  countries. 
Perhaps  the  connection  to  the  United 
Kingdom  is  more  natural  than  to  the 
United  States,  but  it  is  time  that  U.S. 
scientists  made  themselves  better  aware 
of  the  efforts  here.  For  information 
contact 

Prof.  Grant  Keady 
Department  of  Mathematics 
University  of  Western  Australia 
Nedlands,  Perth,  Western  Australia 
6009 

Fax:  09-380-1028 

Email:  keady@maths.uwa.oz.au 

M.  Lukic  (Phillip  Institute  of  Tech¬ 
nology)  discussed  extensions  of  the 
Bohlender  method  for  the  maximum 
accuracy  summation  of  n  floating  point 
numbers.  Its  main  differences  are  that 
it  uses  a  single  length  mantissa  to  obtain 
a  single  precision  result,  it  can  com¬ 
pute  the  sum  to  any  prescribed  accu¬ 
racy,  and  it  does  not  use  upward  or 
downward  roundings. 

?.  Cleaty  (CSIRO)  discussed  numer¬ 
ical  techniques  for  granular  flows.  These 
are  the  bulk  movement  of  indepen¬ 
dently  moving  solid  particle'  and  are 
significant  components  of  landslides, 
planetary  rings,  slurries,  silos,  chutes, 
etc.  The  particles  have  a  large  amount 
of  interparticle  friction  as  well  as  a 
high  coefficient  of  restitution.  Current 
numerical  methods  for  modeling  such 
systems  follow  the  exact  trajectories  of 
all  the  particles.  As  the  particles  move 
from  one  time  step  to  the  next,  small 
(but  obviously  nonphysical)  overlaps 
are  produced.  Each  time  an  overlap  is 
noted  a  collision  mechanism  Is  applied. 
There  are  two  general  approaches.  In 
hard  collisions,  each  overlapping  pair 
is  viewed  as  undergoing  an  indepen¬ 
dent  binary  collision.  In  soft  collisions, 
the  force  produced  by  each  collision  is 
modeled  by  a  springand  dashpot  in  the 


normal  direction  and  spring  and  sur¬ 
face  friction  in  the  tangential  direc¬ 
tion.  Cleary’s  work  involves  studies  of 
the  differences  between  these  methods 
and  various  hybridizations  of  them.  He 
also  showed  a  very  well  made  computer 
video  displaying  several  different 
situations. 

P.  Howlett,  P.  Pudney,  and 
B.  Benjamin  (University  of  South 
Australia)  gave  a  paper  (also  studied 
by  other  authors)  concerning  determi¬ 
nation  of  optimal  control  strategics  for 
train  control  in  hilly  terrain.  The  goal 
Is  to  meet  gi\cn  schedules  with  minimum 
tucl.  The  analysis  has  actually  been 
applied  to  the  development  of  an 
onboard  computer  (Mctromlscr),  which 
is  being  installed  on  long  distance 
Australian  trains.  The  authors  claim 
that  15-20%  fuel  savings  are  realized. 

There  were  three  papers  discussing 
experiences  developing  programs  for 
advanced  computers.  A  traditional 
approach  of  moving  from  a  Vax  1 1/785 
to  a  SPARCstation  and  then  to  a  Cray 
Y-MP  for  a  three-dimensional  tidal 
model  (plus  wind-induced  circulation) 
was  described  by  J.  Nixon  (University 
of  Adelaide).  This  paper  is  more  like  a 
diary  of  what  happened,  but  it  was  very 
clearly  written  and  addresses  the  issues 
ofvcctorization  directly.  Scientists  from 
BHP  Research  Laboratories  in 
Newcastle  considered  a  specific  pres¬ 
sure  correction  algorithm  (Simple)  in 
widespread  use  for  solving  a  version  of 
the  Navier-Stokes  equations.  Their 
paper  analyzes  the  performance  of  two 
parallelizing  approaches,  one  using  a 
Silicon  Graphics  8-CPU  shared  mem¬ 
ory  multiprocc.ssor  and  the  other  using 
a  set  of  nine  T8(X)  transputers  (housed 
in  a  PC).  Of  course,  the  second  case 
required  much  more  effort  to  port. 
Overall,  the  authors  note  that  the  trans¬ 
puter  system  implementation  "achieved 
lower  performance  and  efficiency  than 
the  shared  memory  implementation, 
though  on  a  considerably  lower  cost 
hardware  platform.” 


Finally,  a  paper  by  D.  Singleton 
(Australian  National  University)  and 
G.  Meyer  (Georgia  Tech)  described  a 
parallel  implementation  of  a  Method 
of  Lines  (MOL)  for  solving  free 
boundary  problems  on  the  Connection 
Machine.  In  the  MOL,  partial  differen¬ 
tial  equations  are  converted  to  a  sys¬ 
tem  of  ordinary  differential  equations 
(ODE)  by  discretizing  all  but  one  of 
the  variables.  Usually  time  is  left  con¬ 
tinuous.  This  is  a  veiy  common  approach 
and  one  that  has  been  enhanced  by  the 
availability  of  excellent  ODE  solvers. 
The  current  authors’  approach  has 
been  to  assign  a  line  (one  spatial  point) 
to  each  pi  ocessor,  and  hence  solve  the 
ODE  along  each  line  in  the  memory  of 
the  local  processor.  There  is  very  little 
interprocessor  communication.  The 
ODE  implementation  is  simple  trape¬ 
zoidal  rule,  with  small  steps  near  the 
physical  boundary.  Adaptive  ODE 
solvers  are  ruled  out  here  because  the 
hardware  requires  that  a  uniform  step 
must  be  applied  on  all  (he  lines,  although 
the  authors  admit  that  better  integrators 
would  help  with  some  other  technical 
problems.  To  find  the  free  boundary  it 
is  necessary  to  do  some  root  Finding. 
This  is  a  capability  that  is  common  to 
ODE  software,  but  the  SIMD  imple¬ 
mentation  requires  some  novel  twists. 
There  are  only  a  few  timing  results.  The 
compulations  were  done  on  the  16K 
CM  at  ANU.  (This  machine  has  not 
been  up  for  very  long  and  is  still  under¬ 
utilized,  perhaps  50%  according  to 
Singleton.)  The  authors  note  that  the 
speed-ups  they  obtained  were  very 
reasonable,  but  that  “the  CM  perfor¬ 
mance  only  becomes  impressive  when 
it  is  being  fully  utilized  on  large  prob¬ 
lems.”  They  also  noted  that  while  it 
was  easy  to  get  their  axle  up  and  running 
on  the  CM,  this  will  not  generate  really 
good  performance.  For  that  it  was 
necessary  to  use  lower  level  tools  than 
those  available  via  Fortran. 

There  were  several  papers  on  “pure” 
numerical  analysis,  which  is  tied  only 
very  loosely  to  applications.  These 
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eluded  papers  on  singular  value 
^composition  (SVD)  for  Toeplitz 
atrices  (D.  Sweet),  the  Jacobi  matrix 
elated  to  orthogonal  polynomials) 

.  Elhay),  equidistant-node  polynomial 
terpolation  (Mills  and  Smith),  dif- 
rential  equation  eigenvalue  bounds. 
Id  approximations  of  algebraic  func- 
ans  (Mclnnes). 

M.  Osborne  (Australian  National 
niversity),  in  joint  work  with 
ri  Ascher,  gave  a  very  elegant  paper 
i^tpd  to  looking  for  ways  to  utilize 
irallelism  in  the  solution  of  boundary 
ilue  problems  for  ordinary'  differential 
juations.  After  discretization,  the 
ilution  of  a  structured  system  of  linear 
{nations  is  required.  Since  the  cqua- 
ons  are  block  bidiagonal,  the  method 
r  cyclic  reduction  can  be  applied, 
isborne  considers  extensions  of  the 
chnique  to  overdetermined  multipoint 
roblems  and  also  to  Kalman  filters,  as 
ell  as  to  issues  of  parallelization.  Like 
ther  numerical  analysts  he  believes 
lat  thinking  parallel  can  have  general 
enefits. 

K.  George  (Email:  karcn@ccho. 
inberra.edu.au),  who  is  a  Ph.D.  student 
f  Osborne’s,  gave  an  interesting 
jmmaryof  herresearch  in  minimizing 
olyhedral  convex  functions.  She  claims 
tat  these  results  will  have  significant 
pplication  in  the  solution  of  linear 
rogramming  (LP)  problems  and  arc 
ampetitive  or  better  than  existing 
Igorithms. 

lESEARCH  ACTIVITIES 
^  SOUTH  AUSTRALIA 

The  State  of  South  Australia  was 
ne  of  the  hardest  hit  by  the  recent 
conomic  downturn.  As  in  all  the  other 
;gions  of  the  country,  the  local  gov- 
rnment  is  trying  to  find  ways  of  gcncr- 
ting  new  business.  South  Australia 
as  three  major  universities  (Univer- 
ty  of  South  Australia,  University  of 
kdelaide,  and  Flinders  University)  and 
ther  research  institutes.  Two  activi- 
cs  arc  of  particular  interest. 


Adelaide  Technology  Park 
and  MFP 

Several  years  ago  M  ITl  approached 
the  Australian  Governmcni  with  some 
suggestions  about  a  large-scale  devel¬ 
opment  project-esscntially  a  city  of 
the  future -where  living  and  working 
would  be  combined  harmoniously.  The 
ideas  got  to  the  stage  where  a  competi¬ 
tion  was  held  to  determine  what  part  of 
Australia  would  be  the  best  site.  The 
provisional  winner  was  the  State  of 
Queensland,  in  the  northeast  corner  of 
the  island  with  Brisbane  as  its  major 
city.  But  a  controversy  about  the  spe¬ 
cific  site  ensued  and  the  area  was  dis¬ 
qualified,  to  be  replaced  by  a  site 
immediately  outside  Adelaide  (which 
is  on  the  south  coast).  The  Adelaide 
project  was  named  “Multi  Function 
Polis.”  This  must  have  sounded  more 
like  a  malady  than  a  solution,  so  recent 
literature  refers  to  it  only  as  MFP.  (Now 
it  simply  sounds  like  a  toothpaste  addi¬ 
tive  to  me.)  There  is  still  plenty  of 
controversy.  The  Adelaide  and  South 
Australia  Governments  want  MFP  to 
be  viewed  as  a  national  project  (with 
appropriate  resources  made  available), 
although  most  of  the  immediate  bene¬ 
fits  will  be  concentrated  locally.  There 
are  environmental  questions  about  the 
site,  concerns  about  displacement  of 
(mostly  working  class)  families  to  be 
rcp.aced  by  professionals,  and  some 
under-thc-surface  racial  worries  about 
Japanese  enclaves.  The  debate  Ls  spirited, 
but  healthy.  There  is  still  a  great  deal  of 
Japanese  interest,  but  it  is  not  being 
emphasized. 

For  the  purposes  of  this  report, 
MFP  is  interesting  because  it  is 
focusing  on  using  technology  to  help 
people  live  and  work  more  easily. 
Information  and  telecommunications 
capabilities  arc  at  the  heart  of  the  project, 
and  21st  amtury .solutions  arc  propo.scd 
for  housing,  energy,  water,  waste,  traffic, 
surroundings,  etc.  It  is  hoped  that  an 
“information  utility”  will  include  various 
computer  networking  options  as  well 


as  large-scale  general  computing  services 
(at  the  moment  there  are  no  super¬ 
computers  in  this  part  of  Australia), 
that  it  will  become  a  key  site  for  the 
location  of  software  and  services  for 
the  entire  Asia-Pacific  region,  and  that 
especially  in  the  area  of  software  it  will 
become  an  internationally  recognized 
research  and  engineering  center,  via 
an  Advanced  Information  Technology 
and  Telecommunications  Education 
Facility,  an  Australian  Software  Foun¬ 
dation,  and  a  Software  Conversion  and 
Development  Factory. 

The  existing  universities  are  part  of 
the  strategy,  as  is  the  development  of  a 
new  MFP  university.  Several  labora¬ 
tories  associated  with  the  Government’s 
Defense  Science  and  Technology  Orga¬ 
nization  (2,700  staff)  are  nearby  (Sur¬ 
veillance  Research  Laboratory,  Elec¬ 
tronics  Research  Laboratory,  Weapons 
Systems  Research  Laboratory,  Aero¬ 
nautical  Research  Laboratory)  as  are 
various  institutes  such  as  the  Center 
for  GaAs  VLSI  Technology,  Elec¬ 
tronic  Structure  of  Material  Center, 
and  others.  Adelaide  has  Australia’s 
highest  concentration  of  microelec¬ 
tronics  expertise,  electro-optical  instru¬ 
mentation  sensing,  and  defense  elect¬ 
ronics.  There  is  also  a  high  level  of 
cxpertLse  in  metal-bending,  sheetmetal, 
plastics,  and  reaction  injection  mold¬ 
ing.  These  are  all  to  be  integrated  into 
MFP.  There  is  already  a  technology 
park  (the  first  one  in  Australia)  with 
more  than  50  R&D  corporations  and  a 
developing  science  park  in  a  slightly 
different  location.  At  the  moment  all 
the  companies  sited  there  are  Australian, 
including  Sola,  which  is  the  world’s 
largest  producer  of  ophthalmic  resin 
lenses.  It  is  hoped  that  international 
companies,  especially  Japanese,  are 
waiting  in  the  wings.  Of  course,  there 
arc  many  other  ideas  that  are  being 
di.scu.s.scd,  but  it  is  also  only  fair  to  state 
that  at  the  moment  the  most  concrete 
items  arc  a  plot  plan,  artists  sketches, 
and  literature.  Nevertheless,  for  Western 
scientists,  the  combination  of  English 
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language  and  culture  and  Asian  locale 
could  make  this  a  very  attractive 
opportunity. 

Signal  Processing  Research 
Institute  (SPRI)  (Adelaide) 

'ITiis  is  an  attempt  to  capture  the 
expertise  of  the  Defense  Science  and 
Technology  Organization,  the  three 
major  South  Australia  universities,  and 
various  local  defense,  electronics,  and 
space  companies  and  to  focus  their 
research  in  communications  and  signal 
processing.  Outside  of  the  United  States 
and  EC,  this  is  the  largest  concentra¬ 
tion  of  digital  signal  processing  (DSP) 
expertise  anywhere.  There  are  four  major 
suborganizations  in  SPRI. 

•  Institute  for  Computer  Systems 

Engineering  and  Assurance 

•  Software  project  management 

•  Software  engineering  (object- 
oriented  methods,  user  interfaces, 
environments,  safety  critical 
software,  quality  assurance  pro¬ 
cedures) 

•  Databases  (object  oriented  and 
temporal) 

•  Distributed  systems 

•  Ada 

•  Knowledge-based  support 
systems 


(A  great  deal  of  the  initial  support  for 
this  group  came  from  DEC.) 

•  Australian  Space  Center  for  Signal 
Processing 

•  Satellite  communications, 
modems 

•  Speech  coding  &  digital  signal 
processing 

•  Telemetry  systems  &  orbital 
tracking  systems 

•  Mobile  Communications  Research 
Center 

•  Cellular  networks 

•  Personal  mobile  terminals 

•  Modulation  &  coding  for 
R-LANs  and  cellular  ra"^io 

(25-30  scientists  in  the  two  centers  above) 

•  Center  for  Sensor  Signal  Processing 

Naturally  there  is  to  be  a  very  high 
degree  of  industry  participation,  and 
companies  can  locate  R&D  groups  at 
SPRI,  there  is  an  industry  affiliates 
program, etc.  It  is  also  hoped  that  SPRI 
will  become  the  country’s  major  center 
for  postgraduate  education  in  commu¬ 
nications  and  signal  processing.  For 
information,  contact 


Prof.  Henry  d’Assumpcao 
Signal  Processing  Research  Institute 
P.O.  Box  1 

Ingle  Farm,  South  Australia  5098 
Tel;  -t-61-8-343-3288 
Fax:  -t- 6 1-8-260-4724 

DIRECTORY  OF  PARALLEL 
PROCESSING  RESEARCH 
PROJECTS  IN  AUSTRALIA 

In  1989,  D.  Abramson  (CSIRO, 
Division  of  Information  Technology) 
compiled  a  list  of  parallel  processing 
research  projects  underway  in  Australia. 
This  was  published  as  a  report,  TR118 
085  R,  from  the  Royal  Melbourne  Insti¬ 
tute  of  Technology,  124  La  Trobe  Street, 
Melbourne,  Victoria  3000,  Australia, 
but  can  now  be  obtained  from  Abramson 
directly; 

Dr.  David  Abramson 
Project  Manager 
CSIRO 

Division  of  Information  Technology 
High  Performance  Computation 
Project 

723  Swanston  Street 

Carlton,  Victoria  3053,  Australia 

Tel:  4-61-3-282-2630 

Fax:  4-61-3-282-2600 

Email:  davida@mel.dit.csiro.au 
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SEISMOGENIC  ELECTROMAGNETIC 
EMISSIONS  AS  PRECURSORS  TO 
EARTHQUAKES  AND  VOLCANIC  ERUPTIONS 

IN  JAPAN 


Since  1980,  we  have  detected  impulsive  noise  bursts  of  seismogenic  emissions  at 
82  kHz,  1.525  kHz,  and  36  Hz  using  our  multipoint  detection  network  around 
the  Tokyo  region  and  the  Izu  Peninsula.  In  earlier  times,  this  system  recorded 
electromagnetic  signals  prior  to  several  earthquakes.  It  has  recorded  volcanic 
eruptions  on  15  and  21  November  1986  at  Mt.  Mihara  on  Ohshima  Island,  on 
12  July  1989  in  Itoh  Bay  in  the  Izu  Peninsula  region,  and  from  June  to  August 
1991  at  Mt.  Unzen  on  the  Shimabara  Peninsula. 

by  Takco  Yoshino 


INTRODUCTION 

The  Japanese-Soviet  cooperative 
project  for  the  study  of  electromag¬ 
netic  emission  phenomena  related  to 
earthquakes  was  started  in  1980.  The 
first  emissions  were  observed  at  16:33 
JST  (UT-l-9  hours)  on  31  March  1980 
at  Sugadaira  Space  Radio  Observatory, 
University  of  Elect ro-Q)mmunications, 
Sugadaira,  Nagano  Prefecture,  Japan. 
The  magnitude  of  this  earthquake  was 
about  7,  and  the  depth  of  hreus  was 
approximately  .380  km.  The  epicenter 
was  located  in  Kyoto  Prefecture,  and 
the  distance  between  the  Sugadaira 
Observatory  and  the  epicenter  was 
approximately  250  km.  The  noise  level 
rea)rder  for  81  kHz  registered  an  anom¬ 
alously  high  change  more  than  15  dB 
over  the  usual  background  noi.se  level, 
beginning  50  minutes  before  the  main 
shock.  The  noise  dropped  sharply  back 
to  the  previous  level  exactly  at  the 
moment  of  the  earthquake.  The  very 
low  frequency  fVLF)  whistler  recorder 
at  the  Sugadaira  Observatory  also 


registered  unusual  impulsive  emissions 
at  frequencies  below  1.5  kHz  before 
the  earthquake  (Ref  1). 

In  the  first  decade,  we  observed 
several  emission  events  in  the  82-kHz 
range;  since  1987  we  have  added  two 
observation  frequencies  in  the  1.525-kHz 
and  36-Hz  ranges  to  our  observation 
system.  We  have  set  up  a  multipoint 
direction  finding  network  with  eight 
observation  points  around  the  Tokyo 
area  since  1985  (Ref  2  and  3).  One  of 
the  most  promising  results  was  in  the 
case  of  an  “under  foot”  earthquake 
that  occurred  in  southwestern  Ibaragi 
Prefecture  at  2 1 : 14  JSTon  27  February 
1982.  The  magnitude  of  this  earthquake 
was  6.3  and  the  depth  of  focus  was 
approximately  40  km.  A  retrospective 
prcxliction  of  the  epicenter  was  provided 
by  the  direction  finding  network  at  the 
Suginami,  Sugito.  and  Yatsugatake 
observation  points.  The  earthquake 
subsequently  occurred  in  the  predicted 
area  (Ref  4).  Between  1985  and  1990 
we  recorded  26  .samples  of  earl  hq  uakes 
by  means  of  this  network. 


A  major  volcanic  eruption  occurred 
on  Mt.  Mihara  in  November  1986,  and 
the  82-kHz  direction  finding  network 
operating  on  Ohshima  Island  recorded 
several  impulsive  noise  emissions  prior 
to  the  eruptions.  Since  1987,  we  have 
added  two  frequency  bands  (VLF  at 
1.525  kHz  and  extreme  LF  (ELF)  at 
36  Hz)  to  our  multipoint  network  to 
improve  the  signal-to-noise  (S/N)  ratios 
because  of  the  increase  in  82-kHz 
background  noLsc  levels  in  the  last  decade 
(Ref  5).  In  July  1989,  the  area  around 
Itoh  City  on  the  Izu  Peninsula  was 
struck  by  a  series  of  locally  very  strong 
volcanic  earthquakes.  The  city  expands 
along  the  coast  of  Itoh  Bay  and  Ls  located 
about  35  km  northeast  of  Izu-Ohshima 
Island.  Thc,sc  volcanic  earthquakes  and 
volcanic  vibrations  ended  with  the 
eruption  from  a  new  volcanic  center  at 
the  bottom  of  Itoh  Bay  on  12  July  1989. 
The  author  obtained  .several  interest¬ 
ing  correlation:;  between  LF,  VLF,  and 
ELF  emissions  related  to  these  erup¬ 
tions  (Ref  6). 
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A  volcano  named  Mt.  Unzen  on  the 
Shimabara  Peninsula,  Nagasaki  Pre¬ 
fecture,  erupted  in  April  1991  after 
200  years  of  rest.  We  have  set  up  our 
82-kHz,  1.525-kHz,  and  36-Hz  recording 
equipment  on  the  northwest  side  of  the 
crater.  The  distance  between  the  loca¬ 
tion  of  our  sensors  and  the  crater  is 
approximately  3  km.  We  have  obtained 
several  interesting  results  by  following 
three  different  modes  of  activity  of  this 
volcano:  (1)  the  pyro-slush  flow,  (2)  the 
eruptions,  and  (3)  the  major  pyro-slush 
flow  with  a  chain  of  eruptions.  These 
interesting  data  will  be  available  in  the 
near  future. 

RADIATION  MECHANISM 

Studies  of  the  radiation  mechanism 
of  precursory  electromagnetic  emissions 
in  Japan  and  the  U.S.S.R.  have  been 
ongoing  since  1981,  but  no  clear  or 
reasonable  results  have  been  obtained 
until  now. 

Gokhbcrg  and  his  colleagues  in  the 
U.S.S.R.  had  tried  two  different 
approaches.  In  the  first,  they  assumed 
that  the  source  is  located  in  the  lower 
region  of  the  ionosphere  and  that  the 
source  precipitates  the  plasma  insta¬ 
bilities  by  a  large  gradient  of  the  elec¬ 
tric  field  and  the  geomagnetic  field 
intensity  at  the  epicenter  region  (Ref  7). 
But  their  explanation  still  remained  as 
several  unclear  theoretical  descriptions. 
In  the  second,  they  changed  their 
explanation.  They  explained  that  these 
electromagnetic  emissions  were  gen¬ 
erated  by  microdLslocations  in  the  rocks 
prior  to  shallow  earthquakes  (Ref  8). 
The  observation  systems  and  the 
research  approach  of  the  Soviet  groups 
shifted  toward  lower  frequency  regions, 
on  the  order  of  a  few  Hz,  because  these 
frequencies  have  been  observed  in  the 
electric  field  variations  in  the  lower 
and  upper  ionosphere  by  satellite  obser¬ 
vations  since  1985  (Ref9-ll). 

We  have  great  trust  in  these  estima¬ 
tions,  hut  the  results  arc  not  sufficient 
to  explain  the  source  mechanism  of  the 


emissions,  the  mechanism  of  the  elec¬ 
tromagnetic  energy  transmission  in  the 
soils  and  rocks  from  the  earthquake 
focus  to  the  earth’s  surface,  and  the 
mechanism  of  electromagnetic  wave 
radiation  at  the  surface  of  the  ground. 
Laboratory  experiments  performed  by 
our  colleagues  show  that  the  rocks  emit 
electromagnetic  radiation  when  crushed 
(Ref  12).  Similar  emissions  were 
observed  by  Cress  et  al.  in  the  United 
States  (Ref  13).  The  maximum  emis¬ 
sion  levels  in  the  frequency  spectrum 
profile  of  Cress’  data  peak  around 
1.5  kHz.  The  spectrum  profile  of  our 
natural  VLF  wideband  emissions 
observed  during  the  earthquake  in  1980 
(Ref  1)  and  the  profile  of  laboratory 
observation  results  by  Cress  et  al.  show 
very  good  agreement  with  each  other. 
These  interesting  results  give  us  a  very 
important  explanation  for  the  source 
mcchenism  of  this  emission.  During 
the  entire  duration  of  the  eruption  of 
Mt.  Mihara  on  21  November  1986,  the 
emissions  were  only  observed  when 
the  dike  of  magma  intruding  into  the 
mountain  body  caused  the  crushing  of 
rocks. 

To  explain  the  mechanism  of  trans¬ 
mission  of  electromagnetic  impulses 
from  the  source  around  the  focus  area 
to  the  surface  of  the  ground,  we  have 
applied  a  surface  mode  transmission 
model.  The  conductivity  along  the  fault 
plane  is  usually  very  high  compared  to 
values  in  undisturbed  rock,  and  the 
(X)nductmty  gradient  Ls  distributed  along 
the  direction  of  the  fault  lines.  Such 
characteristics  of  a  fault  surface  pro¬ 
mote  surface  mode  propagation  along 
the  fault  plane  from  the  focus  to  the 
ground  surface.  We  estimate  that  the 
optimum  condition  for  wave  propaga¬ 
tion  is  25  dB/10  km  below  the  usual 
case  for  homogeneous  soil  and  rocks  at 
the  same  distance.  To  explain  the  radi¬ 
ation  condition  at  the  ground  surface, 
we  u.sed  the  optimum  impedance  match 
between  the  surface  and  free  space 
and  calculated  a  voltage  standing  wave 
ratio  (VSWR)  of  1.5  using  the  optimum 


case  when  the  fault  terminates  in  a  slot 
dipole  antenna  at  the  ground  surface. 
Based  on  these  results,  the  author  will 
attempt  to  explain  the  source  mecha¬ 
nisms  for  the  electromagnetic  precursor 
emission  phenomena  in  this  paper. 

MODEL  OF  RADIATION 
MECHANISM  OF 
SEISMOGENIC  EMISSIONS 

The  author  has  offered  a  possible 
mechanism  for  the  seismogenic  elec¬ 
tromagnetic  radiation  above.  The  emis¬ 
sion  will  be  induced  as  one  of  the  kinds 
of  boundary  char^’c  phenomena  when 
the  rocks  aroun^  j  focus  of  an  earth¬ 
quake  are  crushed  under  the  very  strong 
distortion  forces  increasing  rapidly  just 
prior  to  the  earthquake.  Laboratory 
experiments  have  been  done  by  Mizutani 
(Ref  12)  and  Cress  (Ref  13).  In  these 
experiments,  very  strong  electromag¬ 
netic  impulsive  emissions  were  observed 
at  the  instant  the  specimen  of  rock  was 
crushed  under  high  pressure.  The  values 
of  induced  electromagnetic  emission 
obtained  were  different  for  each  kind 
of  rock,  wet  or  dry,  and  are  dependent 
on  the  many  different  conditions  at  the 
time  of  observation.  Comparing  the 
observation  results  from  Cress’  exper¬ 
iments  (Ref  13)  and  the  example  of 
natural  emissions  observed  at  Sugadaira 
(Ref  1),  the  natural  and  experimental 
data  show  very  good  agreement  in  fre¬ 
quency  characteristics,  with  peaks 
around  1.5  kHz  as  above  mentioned. 

The  author  has  built  a  model  to 
explain  the  radiation  mechanisms  of 
seismogenic  emission  as  follows.  Usually 
the  focus  of  an  earthquake  is  located 
on  the  fault  plane  (Ref  14).  When  the 
distortion  forces  are  increased  in  the 
fault  area,  the  crushing  of  pieces  of 
r(x;k  Ls  initiated  and  the  energy  of  induced 
electromagnetic  impulses  is  emitted 
within  this  region  in  the  fault. 

Die  electrical  conductivity  inside 
and  directed  toward  the  fault  line  is 
usually  higher  than  for  the  rock  out¬ 
side,  this  difference  being  approximately 
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20  dB  or  more.  Also,  a  sheath  structure 
of  high  dielectric  soils  (fault  gouge)  is 
often  observed  on  the  boundary  sur¬ 
face  of  the  faults.  This  condition  will  be 
able  to  support  the  surface  mode  of  the 
TEM-electromagnetic  propagation 
along  the  boundary  of  the  fault,  and  the 
energy  of  the  seismogenic  emission  will 
be  able  to  be  transmitted  from  the  source 
depth  to  the  earth’s  surface  with  very 
little  attenuation  as  compared  to  the 
usual  plane  wave  propagation  outside 
the  boundary.  The  surface  mode  prop¬ 
agation  of  electromagnetic  waves  was 
developed  by  Goubau  (Ref  15)  and 
Cullen  (Ref  16),  and  today  this  advanced 
technique  is  often  applied  to  microcir¬ 
cuit  designs  for  compact  equipment 
systems  in  the  centimeter  and  milli¬ 
meter  wave  bands.  The  profile  of  the 
surface  boundary  of  a  fault  has  a  struc¬ 
ture  similar  to  a  surface  wave  transmis¬ 
sion  line. 

The  results  of  the  numerical  simu¬ 
lation  on  the  estimation  of  attenuation 
values  for  the  surface  mode  wave  prop¬ 
agation  along  the  boundary  surface  of 
the  fault  are  as  follows: 

(1)  Resistivity  outside  of  the  fault  is 
10  kQ/m. 

(2)  Resistivity  inside  of  and  parallel 
to  the  direction  of  the  fault  is  less 
than  10  Q/m. 

(3)  The  specific  dielectric  constant  at 
the  boundary  surface  of  the  fault  is 
20  and  outside  the  area  of  the  fault 
it  is  6. 

(4)  The  frequency  Ls  82  kH/,  1.525  kHz, 
and  36  Hz. 

(5)  The  depth  of  focus  is  50  km. 

(6)  Transverse  magnetic  (TM)  mode. 

The  calculated  value  of  total  prop¬ 
agation  loss  when  the  depth  of  focus  is 
50  km  for  82  kHz  is  approximately 
63  dB.  for  the  case  of  a  dielectric  sheath 


thickness  of  10  m,  and  65  dB  for  20  m. 
In  the  case  of  1.525  kHz,  it  is  approxi¬ 
mately  56  dB  in  power  ratio.  If  a  large 
quantity  of  acid  water  is  contained  in 
the  fault,  the  propagation  loss  will 
decrease  more  than  10  dB  from  the 
above  calculated  values.  If  the  ground 
surface  is  covered  by  homogeneous  soil 
and  rocks,  the  value  of  transmission 
loss  for  surface  mode  propagation  is 
more  than  25  dB  below  the  value  of 
plane  wave  propagation  at  the  same 
depth. 

The  radiation  impedance  matching 
between  surface  mode  feed  and  free 
space  radiation  mode  by  a  slot  antenna, 
which  consists  of  the  boundary  between 
the  top  end  of  the  fault  and  the  ground 
surface,  was  also  simulated  for  many 
types  of  matching  systems.  One  of  the 
best  cases  of  VSWR  values  that  can  be 
obtained  is  1.5  for  this  structure.  We 
are  continuing  estimates  and  experi¬ 
ments  on  surface  mode  propagation 
and  impedance  matching  for  surface 
radiation  by  means  of  a  scale  model 
for  higher  frequencies. 

OBSERVATION  RESULTS 
FROM  THE  ERUPTION  OF 
MT.  MIHARA  AND  ITOH  BAY 

Volcanic  microvibrations  were 
observed  at  the  Ohshima  observatory 
from  July  1986  onwards,  but  the  anom¬ 
alous  impulsive  noise  emissions  at 
82  kHz  did  not  appear  until  after 
20  October  1986.  Several  clear  burstlike 
emissions  were  recorded  from 
3-22  November.  At  17:25  JST  on 
1 5  November,  the  first  major  eruption 
occurred  in  the  main  (old)  crater. 
Anomalous  burstlike  emissions  were 
observed  from  10:00-16:00  JST  on 
14  November,  1  day  before  the  major 
eruption,  but  were  not  observed  at  the 
time  of  eruption.  The  volcanic  activity 
continued  with  violent  eruptions,  and 
the  lava  fountain  reached  heights  over 
200  meters.  Lava  flowed  out  from  the 
summit  crater  to  the  caldera.  The 
earthquake  and  volcanic  microvibrations 


during  the  eruption  in  the  summit  crater 
continued  violently,  but  burstlike 
emissions  were  not  observed.  The 
eruption  activity  of  the  main  crater 
quickly  decreased  after  the  night  of 
19  November. 

From  10:00-12:00  JST  on 

21  November,  several  strong  burstlike 
emissions  were  observed.  The  strong¬ 
est  peaks  during  these  emissions  reached 
over  12  dB  more  than  the  background 
noise  level.  At  the  same  time,  strong 
local  earthquakes  started  and  continued 
until  the  evening.  At  16:15  JST,  the 
summit  crater  (old  crater)  erupted 
violently  and  at  17:45  JST  new  craters 
suddenly  appeared  in  the  virgin  fields 
on  the  northwestern  slope  of  the  moun¬ 
tain.  Lava  flowed  down  rapidly  towards 
the  station  at  upper  Motomachi,  which 
has  the  largest  population  on  this  island. 
By  special  order  from  the  mayor  of 
Tokyo,  a  state  of  emergency  was  declared 
and  all  of  the  10,000  inhabitants  of  the 
island,  except  for  a  few  scientists,  police¬ 
men,  and  firefighters,  were  evacuated 
until  the  early  morning  of  22  November. 
The  major  eruptions  in  new  craters 
completely  ceased  on  the  morning  of 

22  November  (Ref  17). 

Since  early  April  1989,  volcanic 
microvibrations  and  earthquakes  have 
been  observed  at  a  vciy  local  area  around 
Izu-Itoh  City.  zMter  early  June,  the 
number  and  amplitude  of  these  vol¬ 
canic  earthquakes  increased  signifi¬ 
cantly,  and  the  number  of  earthquakes 
that  could  be  felt  increased  to  several 
hundred  per  day  into  early  July.  The 
number  of  observed  magnetic  field 
emissions  at  1.525  kHz  and  36  Hz  at 
Ohshima  Island  increased  from  1  July 
to  noon  of  11  July,  but  after  noon  of 
1 1  July  the  characteristics  and  levels  of 
emission  seemed  to  change.  A  very  large 
number  of  volcanic  earthquakes 
occurred  before  noon  of  11  July,  but 
after  this  time,  the  volcanic  activity 
changed  suddenly  from  the  volcanic 
earthquake  mode  to  the  strong  vol¬ 
canic  variation  mode.  No  clear  emis¬ 
sions  were  observed  during  these  violent 
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volcanic  vibrations  during  the  after¬ 
noon  of  11  July.  At  16:24  JST  on  13  July, 
the  eruption  started  at  a  new  crater  in 
the  bottom  of  Itoh  Bay,  which  is  located 
only  2.5  km  from  the  city  shore  (Ref  6). 

The  key  point  in  our  observed  data 
for  these  volcanic  eruptions  is  that  we 
received  very  many  emissions  during 
the  time  of  aaive  volcanic  earthquakes, 
until  approximately  noon  of  11  July. 
Then  the  mode  of  vibrations  shifted 
from  volcanic  earthquakes  to  volcanic 
vibrations,  and  emission  signals  ceased. 
In  the  case  of  Mt.  Mihara  on  Ohshima 
Island,  the  observed  anomalous  emis¬ 
sions  from  10:00-12:00  JST  on 
21  November  occurred  4  to  5  hours 
before  the  eruptions  from  the  new  waters 
on  the  virgin  fields  inside  of  the  crater 
and  on  the  mountain  slope  outside  the 
caldera.  A  model  to  explain  the  erup¬ 
tion  mechanism  of  21  November  was 
developed  by  Aramaki  (Ref  18).  We 
have  applied  his  model  to  explain  our 
observed  results.  The  mechanism  for 
these  anomalous  burst  like  emissions  is 
explained  as  follows: 

(1)  The  magma  flow  to  the  eruption  of 
the  summit  crater  was  supplied 
directly  from  the  base  magma  as 
primary  magma. 

(2)  The  eruption  in  the  new  craters 
was  created  by  new  magma  flows, 
forced  up  as  dikes  inserted  into  the 
mountain  body  on  the  morning  of 
21  November  (Ref  18). 

To  explain  the  emissions  at  dike  inser¬ 
tions,  we  apply  the  results  of  laboratory 
experiments  by  Mizutani  (Ref  12)  and 
Cress  (Ref  13).  We  believe  that  the 
observed  emissions  on  21  November 
were  produced  by  the  rock  crushing 
due  to  the  insertion  of  dikes. 


CONCLUSION 

In  our  investigations  of  the  noise 
source  and  propagation  path  of  seis- 
mogenic  electromagnetic  emissions  as 
a  precursor  of  earthquakes,  we  used 
the  experimental  results  of  electromag¬ 
netic  emissions  due  to  the  crushing  of 
rocks  (Ref  12, 13)  to  explain  the  mech¬ 
anism  of  emission  around  the  focus  of 
the  earthquakes.  We  also  applied  the 
theory  of  surface  mode  propagation  of 
electromagnetic  waves  along  the  bound¬ 
ary  surface  of  a  fault  to  explain  why  the 
energy  transmission  of  seismogenic 
emissions  from  the  focus  to  the  ground 
surface  is  less  attenuated  in  compari¬ 
son  with  the  case  of  usual  plane  wave 
transmission.  We  roughly  estimated  the 
transmission  loss  by  use  of  an  optimum 
value  and  averaged  measurements  for 
a  typical  fault  in  the  Kanto  area.  We 
then  concluded  that  the  total  attenua¬ 
tion  loss  for  a  specific  case  of  surface 
mode  transmission  and  slot  antenna 
radiation  was  26  dB  lower  than  the 
case  of  usual  plane  wave  transmission 
without  a  fault.  Also,  we  presented  the 
results  of  observed  electromagnetic 
emissions  related  to  the  volcanic 
eruption  at  Mt.  Mihara  on  Ohshima 
Island  during  November  1986  and  at 
Izu-Itoh  City. 
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A  NOTE  ON  CSIRO’S 
DIVISION  OF  OCEANOGRAPHY 


This  article  describes  the  facilities,  administrative  structure,  and  various  research 
programs  of  CSIRO’s  Division  of  Oceanography,  located  in  Hobart,  Tasmania. 

by  A  Zirino 


BACKGROUND 

The  Commonwealth  Scientific  and 
Industrial  Research  Organization 
(CSIRO)  is  the  research  arm  of  the 
Australian  Government.  Its  principal 
aims  are  to  perform  research  beneficial 
to  Australian  industry  and  government; 
to  lead  and  promote  an  expanded  sci¬ 
ence  and  technology  effort  in  Australia; 
and  to  collaborate  with  other  research 
institutions,  principally  state  and  pri¬ 
vate  universities  and  industrial  labo¬ 
ratories,  in  bringing  the  results  of 
research  to  practical  fruition  and 
community  benefit. 

CSIRO’S  budget  for  1988-1989 
was  AS466M  (S3585M).  Of  this  amount, 
15%  was  provided  directly  by  Parliament, 
another  21%  came  from  industry,  and 
the  rest  came  from  revenues  earned. 
Organization  policy  is  formulated  by  a 
board  compost  of  distinguished  repre¬ 
sentatives  from  government,  industry, 
and  academia.  The  CSIRO  chief  exec¬ 
utive  is  also  a  member  of  the  board. 
Expenditures  in  1988-1989  were  largely 
for  rural  production  and  processing 
industries  (40%),  manufacturing  indus¬ 
tries  (17%),  mineral  and  energy  indus¬ 
tries  (13%),  and  environment  (14%). 

CSIRO  is  composed  of  six  insti¬ 
tutes,  each  composed  of  about  six  divi¬ 
sions.  The  Oceanography  Division  is  in 
the  Institute  of  Natural  Resources  and 
Environment.  The  institute  also  con¬ 
tains  Divisions  for  Atmospheric 


Research,  Fisheries,  Environmental 
Mechanics  (hydrology  and  environmen¬ 
tal  quality),  Water  Resources,  and 
Wildlife  and  Ecology. 

Aong  with  the  Division  of  Fisheries, 
Oceanography  is  housed  in  a  new 
(perhaps  8  years  old)  and  rather  splen¬ 
did  set  of  laboratories,  library,  and 
support  facilities  known  as  the  CSIRO 
Marine  Laboratories,  located  in  Hobart, 
Tasmania.  This  is  where  I  visited  for 
2  weeks  in  June  1991.  The  occasion 
was  a  meeting  of  SCOR  (Scientific  Com¬ 
mittee  for  Oceanographic  Research) 
Working  Group  90:  Chemical  and 
Biological  Oceanographic  Sensor 
Technology.  The  chairman  was 
Dr.  Denis  J.  Mackey,  head  of  the 
division’s  Environment  Program. 

RESEARCH  OBJECTIVES 

The  primary  objective  of  the  Divi¬ 
sion  of  Oceanography  is  to  “advance 
scientific  knowledge  of  the  physics  and 
chemistry  of  the  seas  and  oceans  of  the 
Australian  region.’’  This  broad  objec¬ 
tive  translates  into  "providing  infor¬ 
mation  on  resource  management,  trans¬ 
port,  defense,  public  use,  and  environ¬ 
mental  control.  It  also  provides  a  basis 
for  determining  the  influence  of  the 
ocean  upon  local  and  global  climate.” 

In  pursuit  of  the  primary  objective, 
the  Division  of  Oceanography  carries 
out  research  in  physical  and  chemical 
oceanography,  two  of  the  four  classic 


oceanographic  disciplines.  (Presumably, 
biological  oceanography  is  carried  out 
in  the  Division  of  Fisheries,  and  geo¬ 
logical  oceanography  is  not,  at  present, 
a  major  priority.)  The  division  uses 
satellites,  ships,  surface  and  subsurface 
moorings,  and  fixed  stations  combined 
with  analysis,  interpretation,  and 
numerical  modeling  to  carry  out  an 
integrated  program.  In  this,  the  overall 
research  program  of  the  Division  of 
Oceanography  is  very  similar  to  the 
research  program  being  carried  out  at 
major  U.S.  institutions  such  as  the 
Scripps  Institution  of  Oceanography 
or  the  Woods  Hole  Oceanographic 
Institution.  Major  differences  include 
the  absence  of  a  significant  number  of 
graduate  students  (although  students 
from  local  universities  may  carry  out 
research  at  the  CSIRO  laboratories  in 
conjunction  with  division  investigators) 
and  the  fact  that  the  research  strategy 
comes  via  CSIRO  policy,  thereby  limit¬ 
ing  the  “academic  freedom”  of  individ¬ 
ual  investigators.  Overall,  however,  the 
laboratory  environment  struck  me  as 
being  quite  comparable  to  that  found 
in  U.S.  university-affiliated  institutions. 
As  in  academic  institutions,  informa¬ 
tion  is  propagated  via  publications, 
reports,  etc.  As  an  outside  referee  for 
an  internal  promotion  to  senior  scien¬ 
tist,  a  rank  requiring  international 
recognition,  I  can  attest  that  promo¬ 
tion  criteria  are  similar  to  those  required 
to  attain  the  rank  of  (full)  professor  at 
the  major  U.S.  institutions. 
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The  academic  charaaer  of  the  labora¬ 
tory  is  maintained  by  encouraging 
division  scientists  to  maintain  close 
collaborations  with  other  institutions 
and  investigators  throughout  the  world. 
Furthermore,  there  is  an  active  (rea¬ 
sonably  funded)  program  to  bring 
foreign  scientists  to  Hobart  and  to  send 
division  scientists  abroad.  Clearly,  this 
is  not  only  desirable  but  a  necessity,  as 
Hobart  is  distant  from  many  of  the 
world’s  centers  of  marine  science. 

Recently,  through  the  establish¬ 
ment  of  a  new  Cooperative  Research 
Center  (CRC),  the  division  has  been 
able  to  interact  more  strongly  with  the 
University  of  Tasmania.  (TTie  CRCs 
are  a  new  initiative  by  the  Australian 
Government  to  promote  interaction 
between  universities,  industry,  and 
government,  particularly  CSIRO.) 
Seventeen  CRCs  have  just  been 
announced  and  one  of  them  is  for  study 
of  the  Antarctic  and  Southern  Ocean 
environment.  This  CRC  will  be  based 
at  the  University  of  Tasmania  and  is 
composed  of  participants  from  the 
Division  of  Oceanography  and  the 
Division  of  Atmospheric  Research,  the 
Australian  Antarctic  Division,  the 
University  of  Tasmania,  the  Bureau  of 
Meteorology,  and  the  Bureau  of  Mineral 
Resources  (Geology  and  Geophysics). 
This  CRC  will  have  an  annual  budget 
of  AS3-5M  (S2.31-3.85M),  will  have 
access  to  the  new  icebreaker  Aurora 
Australis,  and  will  have  about  30  graduate 
and  postdoctoral  students.  CSIRO  staff 
members  will  be  involved  in  the  teaching 
of  graduate  courses  and  will  be  able  to 
co-supervise  thesis  research.  The  par¬ 
ticipation  in  the  CRC  has  guaranteed 
access  to  ihe  Aurora  Australis  for  division 
scientists  participating  in  WOCE 
(World  Ocean  Circulation  Experiment) 
and  JGOFS  (Joint  Ocean  Global  Flux 
Study). 

Another  major  asset  of  ihe  uivision 
Ls  the  RIV Franklin,  operated  as  a  national 
facility  available  to  all  Australian  marine 


scientists.  The  Franklin  was  launched 
in  October  1984.  It  is  a  modern  ocean¬ 
ographic  ship  55  meters  long,  equipped 
with  equally  modern  scientific  equip¬ 
ment,  including  an  interactive  data¬ 
logging  system,  a  Doppler  current 
profiler,  and  onboard  satellite  imagery. 
In  addition  to  its  crew,  the  Franklin  is 
staffed  byanoceanographiedata  group 
responsible  for  the  collection  and  pro¬ 
cessing  of  “routine”  hydrographic  and 
meteorological  data. 

ADMINISTRATIVE  AND 
PROGRAM  STRUCTURE 

The  Division  of  Oceanography 
consists  of  approximately  100  people, 
of  which  two-thirds  are  employed  in 
research  groups  and  the  balance  in 
support  groups  such  as  administration, 
library,  shops,  and  RIV  Franklin  opera¬ 
tions.  The  director  of  the  division  is  Dr. 
A.D.  McEwan.  The  research  groups 
reflect  the  division’s  capabilities  and 
administrative  structure  rather  than 
current  research  projects.  There  are 
four  groups  in  physical  oceanography. 
The  first,  headed  by  Dr.  J.  Church, 
concerns  itself  with  large  scale  ocean 
circulation  and  thermal  structure  and 
includes  continental  shelf  oceanography. 
The  second  group,  headed  by  Dr.  C.B. 
Fandry,  concerns  itself  with  applications- 
oriented  research,  primarily  the 
modeling  of  tidal  and  wind-driven  cir¬ 
culation  and  internal  waves.  The  third 
physical  group,  led  by  Dr. 
TJ.  McDougall,  includes  remote  sensing 
activities,  electronic  applications,  and 
RIV  Franklin  activities.  The  last  group, 
under  Dr.  Denis  J.  Mackey,  includes 
activities  in  inorganic  and  organic 
chemistry  and  routine  hydrology.  In 
practice,  personnel  from  the  four  groups 
work  together  in  four  interdisciplinary 
research  programs,  which  arc  (1)  Qimate 
^Church),  (2)  Resources  (Fandry), 

(3)  Environment  (Mackey),  and 

(4)  Technology  (McDougall). 


The  Climate  Program  consists  of 
three  subprograms  that  reflect 
Australia’s  unique  geographic  interest 
in  climate  change: 

(1)  The  ocean’s  role  in  the  El  Nino- 
Southern  Oscillation  (ENSO) 
phenomenon 

(2)  The  ocean’s  role  in  climate  change 

(3)  The  Southern  Ocean’s  role  in  cli¬ 
mate  change 

More  than  for  most  countries, 
Australia’s  economy  is  particularly 
vulnerable  to  climatic  changes.  Thus, 
the  program  attempts  to  predict  them 
with  comprehensive  numerical  models 
of  the  atmosphere/ocean  circulation. 
It  also  specializes  in  models  of  the 
southern  hemisphere  oceans,  since 
regional  patterns  of  climate  variability 
and  change  are  very  important  here. 
Project  1  examines  local  climate  varia¬ 
bility  on  periods  of  months  to  years 
through  a  comprehensive  network  of 
data-collecting  devices,  including 
measurements  of  air/sea  heat  exchanges, 
instrumented  buoys,  satellite  measure¬ 
ments,  and  routine  shipboard  hydrog¬ 
raphy.  Project  2  concerns  itself  with 
predicting  climate  change  over  decades 
and  with  studying  the  possible  effects 
of  greenhouse  cases  in  the  atmosphere. 
Project  3  deals  with  the  role  of  the 
Southern  Ocean  in  climate  change.  The 
division  participates  in  major  interna¬ 
tional  programs  such  as  the  Tropical 
Ocean-Global  Atmosphere  (TOGA) 
project,  WOCE,  and  JGOFS. 

The  Resources  Program  supports 
offshore  activities  in  Australian  waters, 
particularly  those  related  to  the  com¬ 
mercial  exploitation  of  those  waters. 
Subprograms  include: 

•  Prediction  of  tides  and  currents  for 
offshore  resources 
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»  Surface  wave  climatology  and 
prediction 

i  Characterization  and  prediction  of 
major  ocean  current  system  and 
continental  shelf  oceanic  processes 
in  Australian  waters 

•  Biological  and  chemical  resources 

Phe  first  three  involve  the  develop¬ 
ment  of  suitable  predictive  numerical 
models  as  well  as  intensive  sampling. 
Coastally  trapped  waves  in  regional 
currents  are  being  investigated.  The 
fourth  subprogram  includes  engineer¬ 
ing  applications,  including  assessment 
of  local  wave  power  resources,  assis¬ 
tance  in  mariculture  projects,  and 
possible  commercial  exploitation  of  the 
oils  of  local  fish. 

The  third  research  program.  Envi¬ 
ronment,  combines  analytical  chemi¬ 
cal  technology  (both  organic  and  inor¬ 
ganic)  with  field  sampling  technology 
and  modeling  to  produce  a  program  in 
marine  environmental  quality  assess¬ 
ment.  It  has  been  recognized  that  water 
quality  criteria  for  Australian  waters, 
as  for  waters  anywhere,  are  based  on 
inadequate  data  and  a  very  meager 
understanding  of  how  trace  levels  of 
toxins  in  water  interact  with  organ¬ 
isms.  Furthermore,  there  is  virtually 
no  understanding  of  the  chemical  forms 
(spcciation)  that  trace  substances 
assume  in  water,  even  though  it  is  well 
understood  that  toxicity  depends  on 
chemical  form.  Thus,  more  data  are 
needed  to  be  able  to  establish  better 
environmental  guidelines.  Current 
research  is  aimed  at  obtaining  a  better 
understanding  of  the  processes  that 


affect  the  concentrations  of  trace  sub¬ 
stances  in  seawater.  Subprograms  are 
underway  to  study  heavy  metals  and 
organic  pollutants.  The  laboratory  is 
equipped  with  cleanroom  facilities  and 
up-to-date  instrumentation,  including 
a  Zeeman  atomic  absorption  spectrom¬ 
eter,  polarographic  equipment,  four 
capillary  gas  chromatographs  with  mass 
spectrometry,  and  equipment  for  thin- 
layer  chromatography. 

A  parallel  program  is  underway  to 
study  COj  in  surface  waters.  An  under¬ 
way  system  for  measuring  pH  and  pCO^ 
has  been  developed  and  installed  aboard 
the  RIV Franklin .  Because  the  CO^  data 
are  a  critical  component  of  global  CO^ 
temperature  models,  careful  calibra¬ 
tions  of  the  equipment  are  underway  in 
conjunction  with  other  laboratories 
around  the  world. 

The  fourth  and  final  program.  Tech¬ 
nology,  develops  special  technologies 
in  support  of  the  other  research  pro¬ 
grams.  It  also  participates  in  the  com¬ 
mercialization  of  any  products  that  might 
result  from  the  research.  A  principal 
development  of  the  Technology  Pro¬ 
gram  is  the  Bunyip  system  for  measur¬ 
ing  oceanic  microstructure.  Bunyip  is 
deployed  from  the  RfV  Franklin  and 
consists  of  two  towed  bodies.  The  first, 
at  the  end  of  5,000  meters  of  cable,  is 
able  to  undulate  or  “porpoise,”  while 
the  second,  trailing  100  meters  behind, 
measures  the  temperature  microstruc¬ 
ture  with  especially  devised  sensors. 
The  two  towed  bodies  communicate  at 
375,000  bps  on  a  local  area  network, 
and  the  sensor  data  are  displayed  aboard 
the  Franklin.  The  system  is  being  updated 
constantly. 


CONCLUDING  REMARKS 

In  summary,  CSIRO’s  Division  of 
Oceanography  appears  to  combine  what 
is  best  about  university  and  govern¬ 
ment  laboratories;  a  highly  qualified 
and  motivated  staff  and  steady  funding, 
albeit  with  strings  attached.  In  this 
manner  it  resembles  U.S.  national  labo¬ 
ratories  such  as  Brookhaven  or  Los 
Alamos.  A  unique  aspect  of  the 
Australian  laboratory  is  that  it  encour¬ 
ages  interaction  with  private  industry; 
indeed,  it  seeks  nongovernment  funds. 
Unlike  the  United  States,  where  the 
presence  of  private  industry  in  govern¬ 
ment  laboratories  is  viewed  with  suspi¬ 
cion,  Australians  seem  to  have  no  diffi¬ 
culty  with  possible  commercialization 
of  the  products  of  joint  research.  I 
suppose  this  is  because  in  Australia,  a 
country  of  17  million,  the  link  between 
the  prosperity  of  private  industry  and 
the  general  welfare  is  clearly  under¬ 
stood  by  all.  Similarly,  the  mandated 
oceanographic  research  policy  tightly 
reflects  national  needs.  This  creates  a 
consensus  of  opinion  and  a  sense  of 
mission  shared  by  all  the  scientists  and 
staff  of  CSIRO’s  Division  of 
Oceanography  that  I  contacted. 


A.  Zirino  has  been  a  U.S.  Navy  scien¬ 
tist  for  22  years.  During  that  time  he 
has  worked  on  developing  electro¬ 
chemical  techniques  for  measuring 
seawater  constituents  in  real  time 
and  on  developing  strategics  for 
mapping  oceanic  chemistry.  He  is 
Adjunct  Professor  of  Chemistry  at 
San  Diego  State  University  and  Pro¬ 
fessor  of  Oceanography  at  the 
Universidad  Autonoma  de  Baja 
California,  where  he  teaches  at  the 
Ensenada,  Mexico,  campus. 
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PANEL  MEETING  OF  THE 
INTERGOVERNMENTAL  OCEANOGRAPHIC 

COMMISSION’S 

GEOLOGICAL-GEOPHYSICAL  ATLAS  OF  THE 

PACIFIC  AND  ATLANTIC 


Publication  of  the  folio  Atlas  of  the  Atlantic  Ocean  is  announced.  Progress  on 
the  companion  Atlas  of  the  Pacific  Ocean  is  reviewed,  with  major 
contributions  from  Japanese  ocean  scientists  and  agencies.  Advances  in  survey 
instrumentation  and  computer  data  handling  and  display  indicate  higher 
resolution  and  more  detailed  coverage  in  the  Western  Pacific. 

by  Pat  Wilde 


Under  the  chairmanship  of  Acad. 
G.  Udintscv,  editor  in  chief,  the  edito¬ 
rial  board  of  the  International  Geological- 
Geophysical  Atlas  of  the  Pacific  met 
from  9-11  September  1991  at  the  Ocean 
Research  Institute  of  the  University  of 
Tokyo  in  Tokyo,  Japan.  This  atlas, 
sponsored  by  the  Intergovernmental 
Oceanographic  Commission  (IOC)  of 
UNESCO,  is  the  third  in  a  series,  with 
initially  the  Indian  Ocean  (1975)  and 
most  recently  the  Atlantic  Ocean  (1991) 
atlases  being  published.  The  atlas  series 
is  being  compiled  and  produced  in 
Moscow  with  text,  captions,  and  legends 
in  both  Russian  and  English.  The  Pacific 
atlas  is  projected  to  be  about  200  folio 
size  pages.  As  of  June  1991,  114  geo¬ 
logic,  geophysical,  or  geochemical  topics 
are  to  be  depicted  as  maps,  profiles, 
and  suitable  diagrams.  Maps  showing 
total  oceanic  features  will  be  at 
1:30  million  or  l.iO  million.  Regional 
maps  of  areas  such  as  marginal  seas 
will  be  at  1:5  million.  Special  study 
areas  like  the  Juan  de  Fuca  Ridge  will 


be  at  appropriate  larger  scales.  In 
addition  to  the  conventional  maps,  etc., 
there  will  be  sections  on  the  history  of 
the  cartography  of  the  oceans,  research 
ships  contributing  data,  and  discussions 
on  the  development  of  new  research 
techniques  including  progress  in  navi¬ 
gation,  acoustic  sea  floor  mapping  sys¬ 
tems,  reflection  seismic  surveying,  deep 
seismic  studies  by  refraction  methods, 
Magsat  maps,  measurement  of  gravity 
at  sea,  methods  in  geothermal  studies 
of  the  ocean  floor,  deep  sea  drilling, 
submersibles,  tomography,  and  bottom 
topography-source  materials.  Three 
appendices  showing  world  ocean 
bathymetry,  magnetic  lineations  of  the 
world’s  ocean  basins,  and  world  seis¬ 
micity  1979-1988  will  complete  the  atlas. 
A  publication  date  of  late  1993  to  early 
1994  is  planned.  As  expected  for  a 
project  of  this  magnitude  (the  Pacific 
Ocean  covers  half  the  surface  area  of 
the  Earth!),  the  contributors  are  from 
a  broad  spectra  of  the  international 
oceanographic  community. 


Board  members  in  attendance  in 
Japan,  besides  editor  Udintsev,  were 
deputy  editor  D.P.D.  Scott,  (IOC)  Paris; 
B.  Lewis,  University  of  Washington; 
E.  Litvinov,  Institute  of  Ocean  Geol¬ 
ogy,  St.  Petersburg,  U.S.S.R.  (repre¬ 
senting  Acad.  Gramberg);  M.  Talwani, 
Rice  University;  S.  Uyeda,  Tokai  Uni¬ 
versity,  Tokyo,  Japan;  and  D.  Zhiv, 
Administration  of  Geodesy  and  Car¬ 
tography,  Moscow,  U.S.S.R.  This 
meeting  of  the  Central  Editorial  Board 
was  to  announce  the  completion  of  the 
Atlantic  atlas  and  to  review  the  status 
of  the  Pacific  atlas.  Holding  the  meet¬ 
ing  in  Japan  was  particularly  useful  as 
the  Japanese  ocean  scientists  and  agen¬ 
cies  are  major  contributors,  not  only  of 
data  near  Japan  but  they  also  are  doing 
a  major  portion  of  the  compilations  at 
both  regional  and  oceanic  scales  involv¬ 
ing  data  collected  by  many  countries. 

Japanese  participants  making  indi¬ 
vidual  presentations  discussing  specific 
plates  and  maps  were:  A.  Asamuna, 
Chiba  University,  sediment  thickness-. 
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E.  Honza,  Geological  Survey  of  Japan, 
Melanesia-,  N.  Isezaka,  Chiba  University, 
magnetics-,  M.  Ishida,  National  Research 
Institute  for  Earth  Sciences  and  Disas¬ 
ter  Prevention,  seismicity,  H.  Kinoshita, 
Earthquake  Research  Institute, 
Okinawa  Trough-,  K.  Nemoto,  Tokai 
Vniy/CTSily,  sediment  thickness-,  N.  Sugi, 
Kyoritsu  Women’s  University,  jeirwub'/v; 
K.  Suyehiro,  Ocean  Research  Institute, 
Nankai  Trough,  Japan  Trench,  crustal 
structure;  S.  Tani,  Maritime  Safety 
Agency,  SeaBeam  2000 surveys, general 
bathymetry  of  Western  Pacific;  and 
Y.  Tsuji,  ^rthquake  Research  Institute, 
tsunamis. 

Of  particular  interest  were  the  pre¬ 
sentations  on  sediment  thickness, 
SeaBeam  surveys,  and  seismicity. 
Dr.  Nemoto  of  the  Faculty  of  Ocean¬ 
ography,  Tokai  University,  described  a 
PC-based  system  whereby  sediment 
thickness  data  from  various  sources 
and  quality  could  be  ass  issed,  merged, 
and  plotted  via  a  ranking  system  pro¬ 
gram.  This  method  seems  a  logical 
approach  to  a  thorny  problem  of  inte¬ 
grating  survey  data  taken  at  various 
times,  by  different  ships,  using  a  wide 
array  of  equipment,  and  displaying  it 
on  a  single  computer-generated  base. 
Dr.  Tani  of  the  Japanese  Hydrographic 
Department  showed  advanced  copies 
of  the  bathymetric  charts  being  pre¬ 
pared  by  the  Maritime  Safety  Agency 


for  the  Japanese  Exclusive  Economic 
Zone.  The  charts  with  the  accompany¬ 
ing  magnetics  and  gravity  were  of  such 
high  quality  and  resolution  that  they 
were  essentially  textbook  visual  exam¬ 
ples  of  different  types  of  marine  geo¬ 
logic  and  plate  tectonic  features. 
Dr.  Ishida,  National  Research  Center 
for  Disaster  Prevention,  and  Dr.  Sugi, 
Kyoritsu  Women’s  University,  displayed 
color  three-dimensional  (3-D)  plots  of 
seismic  epicenters  for  Japan  and  the 
Peru-Chile  Trench  areas  and  a  novel 
plot  of  seismic  activity  in  the  Western 
Pacific  Ocean  and  Indian  Ocean  on  a 
globe.  With  the  use  of  red-green  glasses, 
these  3-D  pictures  were  vivid  portray¬ 
als  of  the  subducting  plates,  plate  bound¬ 
aries,  and  the  structure  of  Benihoff 
zones. 

The  panel  tentatively  plans  to  meet 
next  year  at  cither  the  International 
Geologic  Congress  in  Kyoto,  Japan,  or 
in  Hawaii  to  discuss  further  progress  in 
the  preparation  of  the  Pacific  atlas. 

The  author  wishes  to  thank 
Dr.  Uyeda,Dr.  Udintscv,and  Dr.  Scott 
for  their  kindness  in  inviting  me  to 
attend  the  panel  meetings  as  an  observer. 
Also,  great  credit  is  due  to  the  director. 
Dr.  Tomio,  and  his  staff  at  the  Ocean 
Research  Instil  University  of  Tokyo, 
for  their  ma'  irtcsics  as  gracious 

hosts  of  the  a. 


Pat  Wfldc  joined  the  staff  of  the  Office 
of  Naval  Research  Asian  Office 
(ONRASIA)  fn  July  1991  as  aliaison 
scientist  spccLiUzing  in  ocean  sci¬ 
ences.  He  leccivcd  his  PhJD.  in  gtxArgy 
from  Harvard  University  in  1965. 
Since  1964,  he  has  been  affiliated 
with  the  University  of  California, 
Bcrkclt^  in  a  variety  of  positions  and 
departments,  including  Chairman  of 
Ocean  Engineering  from  1968  to  1975 
and  Head  of  the  Marine  Sciences 
Group  at  the  Lawrence  Berkelt^ 
Laboratory  (1977-1982)  and  on  the 
Berkeley  campus  (1982-1989).  He 
joined  ONRASIA  after  being  the 
Humboldt  Prize  Winner  in  Residence 
at  the  Technical  University  of  BcrlirL 
Dr.  Wilde’s  speciality  Is  in  palco- 
occanography  and  marine 
geochemistry,  particularly  in  the 
Paleozoic  and  Anoxic  envirorunents. 
He  maintains  an  interest  in  modem 
oceanography  through  his  work  on 
deep-sea  ferns,  coastal  and  deep-sea 
sediment  transport,  and  publication 
of  oecanograpbic  data  sheets  showing 
the  balhym(^  with  attendant  features 
off  the  West  Coast  of  the  United 
Slates,  Hawaii,  and  Puerto  Rico. 
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THE  PHYSICS  OF 

PSEUDOBINARY  SEMICONDUCTORS 


In  recent  research  results  from  Japan,  both  random-alloy  and  atomically 
ordered  pseudobinary  semiconductive  epitaxial  heterostructures  show 
remarkable  transport  properties.  Some  of  the  physical  implications  are 

discussed  in  this  article. 

by  Victor  Rehn 


INTRODUCTION 

After  years  of  study  of  pseudobinary 
ternary  semiconductor  (PTS)  materials 
such  as  AljGaj^As,  In^Ga^^As, 
GaAs,  P ,  or  Gav^,  Sb ,  or  related 
pseudobinary  quaternary  semiconductor 
(PQS)  materials,  application  of  such 
materials  in  a  variety  of  semiconductor 
devices  is  now  commonplace.  GaAs,^Py 
and  In,Ga,.,As,  yPy  materials  are  widely 
used  in  light-emitting  diodes  (LEDs) 
and  lasers,  In,Ga,  _^As  and  Al,Ga,_,As 
materials  are  used  in  field  effect 
transistors  (FETs)  and  infrared 
detectors,  and  In  Ga,  As  materials  are 
used  in  the  lasers  and  detectors  that  are 
the  heart  of  the  1.3-  to  1.6-micron  fiber¬ 
optic  communication  systems.  In  these 
applications,  the  use  of  PTS  or  PQS 
materials  has  introduced  higher  electron 
mobilities,  lower  effective  masses,  or 
precisely  tailored  bandgaps,  all  avail¬ 
able  uniquely  in  PTS  and  PQS  mate¬ 
rials.  In  spite  of  the  well-developed 
technology,  research  in  PTS  and  PQS 
material  systems  continues  to  excite 
researchers.  In  this  article,  some  of  the 
physical  background  and  the  research 
interest  in  these  complex  material  sys¬ 
tems  are  explored,  and  progress  recently 
reported  in  Japan  is  outlined. 

The  majority  of  PTS  and  PQS  sys¬ 
tems  studied  have  been  III-V  material 
systems,  although  incTeasingly  Il-VI  PTS 


or  PQS  materials  and  other  ternary 
material  systems  are  attracting  research 
interest  currently.  As  the  technologi¬ 
cal  success  of  the  better  understood 
PTS  materials  becomes  evident, 
researchers  are  encouraged  to  attempt 
even  greater  control  of  important  elec¬ 
tronic,  optical,  and  electrooptical 
properties  in  more  and  more  material 
systems.  Some  of  the  basic  physical 
questions  that  were  matters  of  concern 
years  ago  still  remain  to  be  answered, 
but  recent  research  is  providing 
surprising  answers  to  old  questions  and 
a  host  of  new  research  opportunities. 

BACKGROUND 

PTS  and  PQS  materials  can  be  grown 
in  most  111-V  and  many  II-Vl  systems 
in  single  crystal  form  over  the  entire 
range  of  the  compositional  parameters, 
X  or  y.  Early  research  was  conducted 
with  bulk  crystals  grown  by  vapor  growth 
methods.  X-ray  diffraction  analysis 
showed  that  these  crystals  arc  of  the 
same  crystal  structure  (zinc-blende)  as 
crystals  of  the  “parent”  binary  com¬ 
pounds,  and  that  the  lattice  constants 
vary  linearly  between  those  of  the  parent 
compounds,  obeying  Vegard’s  law.  The 
zinc-blende  structure  can  be  represented 
accurately  as  two  interpenetrating  face- 
centered  cubic  (fee)  lattices,  offset  diag¬ 
onally  from  each  other  by  one-fourth 


of  the  unit  cell.  In  a  perfect  pseudo¬ 
binary  crystal,  each  fee  sublattice  is 
occupied  exclusively  by  metal  or  by  ligand 
atoms. 

X-ray  analysis  also  showed  that  the 
two  (metal  or  ligand)  atoms  sharing  a 
single  sublattice  are  randomly  distrib¬ 
uted  among  the  sublattice  sites,  with 
the  probability  of  occupation  deter¬ 
mined  by  the  compositional  param¬ 
eter.  In  AIjGa,  for  example,  one 
fee  sublatiice  is  occupied  entirely  by  As 
atoms,  while  the  other  fee  sublattice 
holds  a  random  distribution  of  A1  and 
Ga  atoms.  Hence,  these  materials  have 
been  referred  to  as  random-alloy 
semiconductors. 

It  was  soon  found  by  electroreflec¬ 
tance,  optical  absorption,  and  other 
measurements  that  the  bandgap,  also, 
varies  with  the  x  value,  but  quadrat- 
ically  instead  of  linearly.  Hence, 
“bandgap  engineering,”  oompositionally 
controlling  the  bandgap  to  suit  the 
application,  has  been  practiced  suc¬ 
cessfully  in  many  PTS  and  PQS  mate¬ 
rial  systems.  Bandgap  engineering  in 
the  InGaAs  system  was  the  enabling 
technology  for  exploitation  of  the 
minimum  in  optical  absorption  and 
dispersion  in  quartz  fibers  at  1.3  and 
1.55  microns. 

The  most  basic  theorem  of  solid- 
state  physics  is  the  Bloch  theorem,  which 
has  been  the  basis  for  understanding 
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the  quantum  eigenstates  of  electrons 
in  solids  since  1933.  Because  the  Bloch 
theorem  relics  on  the  infinite  period¬ 
icity  of  the  crystal  lattice,  theoretical 
understanding  of  electronic  states  in 
solids  with  random  atomic  positions 
was  not  possible  with  the  Bloch  theorem 
alone.  The  earliest  success  calculating 
transport  and  optical  properties  of  PTS 
and  PQS  materials  utilized  the  concept 
of  a  virtual  crystal,  in  which  the  Bloch 
theorem  can  be  used.  In  a  virtual  crys¬ 
tal,  occupied  valence  bands  and  empty 
conduction  bands  can  be  envisioned, 
accompanying  free  Bloch  electrons  with 
crystal  momentum  values  as  good 
quantum  numbers. 

Taking  In^GUj^As  as  an  example 
(0<x<  l),thc  virtual  In^Gaj  ^As crystal 
is  one  in  which  the  metal-atom  fee 
sublattice  Is  txxupicd  by  fictitious  atoms 
composed  of  the  proportion  x  of  an  In 
atom  and  l-x  of  a  Ga  atom.  This  ficti¬ 
tious  atom  is  easily  created  in  the 
computer  as  the  weighted  sum  of  atomic 
potential  functions  of  In  and  Ga.  This 
conceptual  model  of  a  random-alloy 
PTS  can  be  handled  theoretically  as  a 
binary-compound  crystal  in  the  calcu¬ 
lation  of  the  band  structure,  bandgaps, 
effect ivc  masses,  optical  absorption 
edges,  dopant  states,  and  the  like. 
Additional  theoretical  developments 
added  effects  of  the  randomness  of  the 
atomic  sites  by  adding  an  additional 
mechanism  for  the  scattering  of  charge 
carriers  and  broadening  of  the  band 
edges.  The  alloy  scattering  term  was 
verified  experimentally  and  shown  to 
limit  the  rise  in  carrier  mobility  at  low 
cryogenic  temperatures.  It  is  impor¬ 
tant  to  note  that  alloy  scattering  becomes 
a  dominant  scattering  mechanism  only 
at  very  low  temperatures,  so  that  the 
interesting  semiconductor  properties 
of  PTS  materials  are  not  jeopardized 
for  room  temperature  applications. 
Remarkably,  the  transport  and  optical 
properties  of  the  virtual  crystal  closely 
mimic  those  measured  for  real  PTS 
and  PQS  crystals. 


Although  skeptics  had  long  won¬ 
dered,  the  first  conclusive  evidence  that 
the  structure  predicted  by  the  virtual 
crystal  is  inaccurate  on  the  atomic 
scale  was  obtained  by  Michelson  and 
Boyce  of  Xerox  Palo  Alto  Research 
Center  in  1981,  using  measurements  of 
interatomic  distances  by  extended  x-ray 
absorption  fine  structure  (EXAFS).  In 
contrast  to  x-ray  diffraction,  experi¬ 
menters  using  EXAFS  (a  synchrotron- 
radiation  based  technique)  are  able  to 
measure  interatomic  distances  between 
individual  atomic  species:  the  In-As 
bond  length  is  obtained  separately  from 
the  Ga-As  bond  length  in  an  EXAFS 
analysis  of  In^Gaj  ^As,  for  example. 

In  the  binary-compound  crystals,  the 
In-As  bond  length  is  0.2614  nm  and 
the  Ga-As  bond  length  is  0.2448  nm, 
while  in  random-alloy  pseudobinary 
In^jGa^jAs  the  average  metal-ligand 
bond  length  obtained  from  x-ray  dif¬ 
fraction  is  0.2531  nm,  in  agreement 
with  Vegard’s  law.  In  the  zinc-blende 
crystal  structure,  all  interatomic  dis¬ 
tances  are  necessarily  the  same.  X-ray 
diffraction  results  detected  no  depar¬ 
ture  of  the  crystal  structure  from  zinc 
blende  and  showed  that  the  variation 
of  the  lattice  constant  with  composi¬ 
tion  obeys  Vegard’s  law  in  several  PTS 
and  PQS  material  systems.  The  EXAFS 
results,  however,  showed  clearly  that, 
as  the  compositional  parameter  is  varied, 
the  length  of  the  In-As  and  Ga-As 
bonds,  while  not  constant,  varies  much 
less  than  required  by  Vegard’s  law,  and 
that  the  average  bond  length  obeys 
Vegard’s  law. 

Confirmation  of  the  EXAFS  results 
in  several  PTS  systems  increased  the 
motivation  to  look  closely  at  the  ques¬ 
tion  of  whether  the  occupation  of  sites 
on  thefccsublatticebyoneortheothcr 
metal  atom  is  always  random  or  might, 
in  some  cases,  be  ordered.  If  bond 
lengths  arc  partially  controlled  by 
chemical  considerations,  then  the  total 
energy  of  the  crystal  should  be  reduced 
in  an  ordered  arrangement,  as  compared 


with  a  random  distribution.  This  time 
many  skeptics  aligned  themselves  on 
the  wrong  side  of  the  question,  but 
results  obtained  over  the  past  few 
years  have  proved  conclusively  that 
ordered  PTS  materials  can  and  have 
been  grown  epitaxially  (Ref  1).  More 
complex  crystal  structures  related  to 
the  cubic  zinc-blende  structure  are 
obtained,  and  some  fascinating  prop¬ 
erties  are  expected  (Ref  2).  At  the  present 
time,  experimentalists  and  theorists  are 
busily  exploring  the  structural  types, 
stability,  and  possible  electrical,  optical, 
and  electrooptical  properties  of  ordered 
PTS  and  PQS  epitaxial  crystals  and 
various  quantum  heterostructures 
utilizing  them. 

TYPES  OF  ORDERING  IN 
PTS  AND  PQS  MATERIALS 

To  understand  the  possible  effects 
of  ordering  on  properties  such  as  the 
band  structure,  it  may  be  useful  to  dis¬ 
tinguish  two  types  of  ordering  and  the 
ways  in  which  the  electronic  energy- 
band  structure  may  be  changed  in  each 
type.  The  fundamental  periodicity  of 
the  crystal  lattice,  which  is  the  same  in 
all  three  coordinate  directions  in  cubic 
crystals  such  as  zinc  blende,  deter¬ 
mines  the  symmetry  nature  of  the 
momentum  space  (reciprocal  space)  in 
which  the  electron  momentum  quantum 
numbers  are  represented. 

In  Type  1  ordering,  a  sublattice 
grossly  alters  the  fundamental  period¬ 
icity  of  the  crystal,  resulting  in  gross 
changes  in  the  electron  energy  bands. 
Type  1  ordering  occurs  when  epitaxial 
growth  of  the  ordered  PTS  or  PQS 
causes  the  fundamental  period  of  one 
or  both  sublattices  to  double,  triple,  or 
quadruple  along  the  growth  direction, 
for  example.  Then  the  redprocal-latticc 
period  along  the  growth  direction  is 
halved,  thirded,  or  quartered,  respec¬ 
tively,  and  the  electron-energy  bands 
arc  folded  back  from  the  reduced 
Brillouin-zxmc  boundary  at  lower  values 
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of  electron  momentum.  The  result  is  a 
greater  number  of  valence  and  conduc¬ 
tion  bands,  each  with  fewer  electron 
states,  and  usually  dispersed  over  a 
smaller  range  of  energies.  New  “mini” 
bandgaps  may  be  created,  and  the  fun¬ 
damental  optical  absorption  spectra  may 
be  drastically  altered  by  rearrangement 
of  energy-band  maxima  and  minima 
and  the  associated  critical  points  in 
the  interband  density-of-states  function. 

Type  2  ordering  occurs  when  the 
ordering  or  placement  of  atoms  is 
representable  within  a  single  unit  cell 
of  the  parent  zinc-blende  crystal.  In 
growing  In^jGa^jAs  on  a  (100)  plane 
of  a  zinc-blende  substrate,  for  example, 
the  metal-sublattice  planes  can  be 
alternately  planes  of  In  or  Ga  atoms, 
instead  of  each  plane  being  randomly 
occupied  by  equal  numbers  of  In  and 
Ga  atoms.  Of  course,  any  changes  in 
the  atomic  positions  within  the  unit 
cell  are  expected  to  change  the  lattice 
constant,  but  only  small  changes  are 
expeaed  to  result  from  Type  2  ordering. 
While  not  grossly  changing  momentum 
space.  Type  2  ordering  will  generally 
induce  lattice  distortions  that  reduce 
the  crystalline  symmetry  from  cubic  to 
tetragonal,  trigonal,  or  orthorhombic, 
depending  on  which  crystalline  plane 
epitaxial  growth  occurs.  Type  2  ordering 
affects  the  band  structure  in  more  subtle 
ways,  such  as  inducing  asymmetry 
splitting  of  degenerate  valence  bands, 
or  changing  the  effective  masses  and 
their  isotropy,  orchanging  the  location 
and  type  of  interband  critical  points. 
Significant  changes  in  the  optical, 
electrooptical,  and  transport  properties 
should  be  observed  in  many  cases  of 
Type  2  ordering.  Ordering  of  either 
type  should  eliminate  the  alloy  scattering 
ofeharge  carriers  referred  toaboveand 
therefore  eliminate  the  limitation  on 


the  low-temperature  electron  mobility 
achievable. 

In  quantum-confined  structures, 
details  of  the  band  structure  become 
even  more  important.  Small  changes  in 
relationship  of  band  structures  or 
quantum  states  in  neighboring  thin 
epitaxial  layers  may  induce  gross  changes 
in  transport  or  other  properties.  In  the 
design  and  development  of  quantum- 
well  lasers,  for  example,  the  possible 
use  of  ordered  PTS  or  PQS  epilayers 
may  improve  device  performance  sig¬ 
nificantly.  In  optoelectronic  integrated 
circuits  (ICs)  fabricated  in  Ill-V,  11-VI, 
or  other  materials,  ordered  PTS  or  PQS 
materials  may  enhance  electrooptical 
effects  and  provide  new  technological 
possibilities.  Hence,  it  was  not  surpris¬ 
ing  to  find  evidence  of  an  increasing 
level  of  research  activity  in  ordered 
PTS  and  PQS  epilayers,  both  in  III-V 
and  II-VI  systems. 

Two  of  the  strong  research  programs 
for  ordered  PTS  and  PQS  materials  in 
Japan  are  those  at  the  Fujitsu  Labora¬ 
tories,  Ltd.  and  at  Kyushu  University. 
The  latter  program  includes  an  effort 
to  model  the  growth  process,  as  previ¬ 
ously  reported  (Ref  3).  Recent  results 
on  ordered  growth  of  the  CuPt  type  (a 
Type  2  structure)  on  (001)  substrates 
show  that  stable  ordered  PTS  crystals 
can  be  produced  even  though  the  cor¬ 
responding  bulk  crystals  have  no  stable 
ordered  ternary  phases  (Ref  4).  The 
interfacial  bonding  stabilizes  the  other¬ 
wise  unstable  ordered  epitaxial  layer. 
Total  energy  considerations  will  limit 
the  maximum  thickness  forsiabiliiy,  of 
course,  as  can  be  estimated  for  specific 
structures  and  compositions.  Hence, 
we  can  anticipate  a  new  type  of  critical 
thickness  asscKiated  with  the  maximum 
thickness  for  stable  ordering.  No 


discussions  of  this  question  have 
appeared  in  the  literature  to  date. 

At  Fujitsu  Laboratories,  Ltd., 
Drs.  O.  Ueda,  Y.  Nakata,  T.  Nakamura 
and  T.  Fujii  have  conducted  transmis¬ 
sion  electron  microscopy  (TEM)  inves¬ 
tigations  of  ordering  in  molecular  beam 
epitaxy  (MBE)  grown  InGaAs  crystals 
grown  on  (1 10)  InP  substrates  (Ref  5). 
Superstructure  spots  indicative  of  the 
CuAu-l-type  crystal  structure  are  found 
in  x-ray  diffraction  data,  and  high  reso¬ 
lution  TEM  data  show  a  doubling  of 
the  period  in  220  and  200  lattice  fringes. 
The  CuAu-l-typestructure  is  an  ortho¬ 
rhombic  (pseudo-tetragonal)  structure, 
also  Type  2,  in  which  planes  of  InAs 
and  GaAs  alternate  during  growth.* 
Because  the  resulting  InGaAs, compo¬ 
sition  is  near  the  lattice-matching 
composition  (In^j^^Ga^^^yAs)  for  growth 
on  InP  substrates,  strain  effects  are 
minimal. 

In  studying  the  influence  of  substrate- 
surface  orientation  on  ordering,  it  was 
observed  that  increased  strength  of  the 
superstructure  spots  is  obtained  from 
crystals  grown  on  vicinally  tilted  sub¬ 
strate  surfaces.  Tilting  by  F  to  5°  toward 
cither  the  <001  >  or  <(K)1  >  dircaions 
in  the  (110)  plane  produced  greater 
ordering  than  lilting  toward  the  <110> 
direction.  This  anisotropy  in  growth 
quality  in  itself  indicates  that  the  step- 
growth  mechanism  plays  an  important 
role  in  the  ordering  of  the  PTS  cpilaycr. 

Growth  of  these  ordered  crystals 
was  accomplished  by  normal  MBE 
techniques  at  substrate  temperatures 
in  the  360-  to  450-°C  range.  At  such  low 
growih  temperatures,  the  inicrfacas  arc 
shown  to  be  very  sharp,  but  the  imper¬ 
fection  density  is  high.  Antiphase  grain 
boundaries  are  frequently  found 
between  platelet-like  microdoniains 
lying  on  slightly  tilted  planes. 


*  It  should  be  noted  that  the  same  average  composition  can  be  grown  in  cither  Type  1  or  Type  2  structures  in  many  cases. 
If  the  growth  sequence  is  two  InAs  layers  followed  by  2  GaAs  layers,  then  a  T  .pe  1  structure  will  result  with  the  same 
average  composition,  InGaAs^  or  In.Ga^A;^.  These  Type  1  structures  arc  referred  to  in  the  literature  as  sherrI-period 
supcrlatticcs. 
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TRANSPORT  PROPERTIES 

In  spite  of  the  less-than-perfect 
crystals,  the  transport  properties 
reported  are  outstanding  (Ref  6).  Two 
two-dimensional  elcetron  gas  (IDEG) 
samples  were  made  with  ordered 
InGaAs^n-type  InAlAs/InP,  a  system 
with  minimal  strain  because  of  the  near 
matching  of  the  PTS  crystal  lattice 
constants  with  the  InP  substrates.  The 
2DEG  electron  concentration  was  about 
1  X  10'-  cm  ’  in  each  sample,  but  the 
substrate  orientation  was  (110)  in 
sample  #1  anu  ((X)l)  in  sample  #2.  In 
both  samples,  the  mobility  rose  .steeply 
as  temperature  was  decreased,  reach¬ 
ing  more  than  150,(K)0cm'/V-s  in  sam¬ 
ple  #1  and  more  than  100,(X)0  cmW-s 
in  sample  #2.  It  i.i  important  to  note 
that  in  both  samples,  the  mobility  at 
cryogenic  temperatures  cx  jcedcd  the 
theoretical  limitation  imposed  on 
random-alloy  materials  by  alloy  scat¬ 
tering.  The  mobilities  are  claimed  to  be 
the  highest  ever  reported  for  a  lattice- 
matched  PTS  crystal. 

It  is  yet  to  be  determined  what  the 
effect  of  pseudomorphic  strain  may  be 
on  ordered  PTS  crystals.  In  random- 
alloy  PTS  crystals,  very  high  mobilities 
have  been  reported.  A  recent  example 
is  from  the  Electrotechnical  Labora¬ 
tory  in  Tsukuba,  Japan  (Ref  7).  In  this 
study,  the  mobility  of  an  In  Ga,  As 
2DEG  layer  was  shown  to  increase  bv 
nearly  4()7f  as  x  increased  from  the 
lattice-matched  value  <  f  0.53  to  the 
optimal  value  of  0.8.  The  InGaAs  2DEG 
layers  veit.  iMilaied  between  lattice- 
matched  In,,  ,AI„  ,^As  harrier  layers,  with 
the  addition  of  one-half  or  one 
monolayer  of  In  As  at  the  interface,  in  a 
structure  grown  at  -150  °C.  In  addition, 
great  care  .sas  t.iken  to  reduce  the  metal- 
llax  osershoots  normally  a.ss(x.jated  with 
shutter  opi  ning.  This  reduction  was 
accomplished  by  using  a  furnace- 
temperature  control  function  with  a 
si]uarc-root  ramp.  At  cryogenic  tem¬ 
peratures,  the  mobility  measured  for 


optimally  pscudomorphically  strained 
(x=0.8)  2DEG  epilayers  rose  to  112,000 
and  157,000  emW-s,  respectively,  at 
77  and  10  K.  While  these  mobility  values 
remain  far  below  the  highest  mobilities 
reported  for  GaAs at  temperatures  less 
than  1  K,  it  is  now  apparent  that  there 
is  no  fundamental  reason  for  not 
achieving  similar  high  mobilities  in 
ordered  PTS  epilayers. 

CONCLUDING  REMARKS 

Many  research  and  technological 
opportunities  arc  apparent  in  the  future 
of  ordered  PTS  and  PQS  materials. 
Controlling  effective  masses  via  com¬ 
positional  control,  eliminating  alloy 
scattering  via  ordering,  reducing  phonon 
scattering  via  2DEG  confinement,  and 
further  tailoring  the  band  structure  with 
pseudomorphic  strain  may  produce 
amazing  electronic,  optical,  elcctroop- 
tical,  and  optoelectronic  material 
properties  in  the  future. 
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RESEARCH  ON  lll/V  SEMICONDUCTORS 


This  article  summarizes  the  important  advances  in  the  area  of  IlltV 
semiconductors  reported  at  the  7th  International  Conference  on  Vapor  Growth 
and  Epitaxy  and  the  10th  Symposium  on  Alloy  Semiconductor  Physics  and 
Electrof.ics  and  the  impressions  gained  from  visits  to  seven  research  laboratories. 

by  G.B.  Stringfellow 


INTRODUCTION 

I  will  summarize  ihe  important 
advances  reported  at  both  the  7th 
International  Conference  on  Vapor 
Growth  and  Epitaxy  (ICVGE)  and  the 
10th  Symposium  on  Alloy  Semicon¬ 
ductor  Physics  and  Electronics  (ASPE), 
a  satellite  conference),  in  the  area  of 
I  Il/V  semiconductors.  Since  up  to  four 
sessions  were  conducted  in  parallel 
for  ICVGE,  this  report  cannot  include 
summaries  of  all  important  results 
reported.  Only  the  key  talks,  describ¬ 
ing  significant  advances,  will  be  men¬ 
tioned,  by  subject  area.  In  addition, 
impressions  gained  from  visits  to  seven 
research  laboratories  will  be  briefly 
summarized. 

ORGANOMETALUC  VAPOR 
PHASE  EPITAXY  (OMVPE) 

“Hydride  Group  III  Precursors  for 
the  MOVPE  of  AlGaAs/GaAs 
lleterostructures”  (H.  Protzmann, 
T.  .Marschner,  O.  Zscbok,  W.  Stolz, 
H  O.  Bobel,  R.  Dorn,  and  J.  Ltirberth, 
Philipps-Univcrsitat,  Marburg, 
Germany).  An  important  area  of 
research  on  new  precursors  involves 
the  search  for  new  A1  and  Ga  mole¬ 
cules  that  give  less  carbon  contamina¬ 
tion  than  the  normally  used  trimethyl 
compounds  of  gallium  and  aluminum. 
Within  the  last  18  months  researchers 
in  both  England  and  the  United  States 


have  reported  successful  growth  of 
AlGaAs  using  trimethylamineallane 
(TMAA),  an  adduct  compound  of  allane 
(AlHj)  and  trimethylamine  [(CHjjjN]. 
The  latter  stabilizes  the  group  III  hydride, 
which  is  otherwise  too  unstable  to  use 
for  vapor  phase  growth.  The  equiva¬ 
lent  gallane-adduct  molecule  is  not 
sufficiently  stable  for  OMVPE,  although 
it  may  be  useful  for  chemical  beam 
epitaxy  (CBE)  where  no  gas  phase  or 
wall  collisions  occur.  The  most  suc¬ 
cessful  molecule  reported  in  this  talk 
(not  included  in  the  abstract)  is  dimethyl- 
aminegallane  [H,GaNH(CHj)j  or 
DMAG).  The  authors  reported  the 
synthesis  route  and  found  that  it  was 
stable  when  stored  and  used  below  rtxim 
temperature.  (During  questioning  they 
also  admitted  to  Ga  deposits  in  the 
lines.)  This  will  limit  commercial  u.se- 
fulncss  of  this  precursor,  but  they  claim 
to  be  on  the  trail  of  other,  more  stable 
alternatives.  The  vapor  pressure  was 
reported  to  be  2  mbar  at  10  “C.  They 
successfully  used  the  new  precursor  for 
GaA.s  growth  at  reduced  pressure 
(SGTorr)  in  a  commercial  Aixtron 
reactor  with  either  arsine  or  ter- 
tiarybutylarsinc  (TBAs)  as  the  As  source. 
In  the  temperature  range  from  600  to 
650  °C,  the  TBAs  was  more  efficient; 
lower  V/111  ratios  could  be  used  for  the 
growth  of  high  purity  material.  They 
obtained  reasonable  impurity  levels  in 
the  low  10’'’cm  ' range  with  77K  elec¬ 
tron  mobilities  of  10,(KM)cmWs.  They 


used  DMAG  along  with  TMAA  and 
arsine  to  grow  AlGaAs  and  Ga/\s/ 
AlGaAs  quantum  wells  with  widths  of 
15,  45,  and  100  A,  giving  excellent 
photoluminescence  characteristics. 

“Reduction  of  Carbon  Contamina¬ 
tion  in  TEP-OMVPE  GaP  Layers  by 
Pt/AljjOj  Catalyst”  (X.L.  Wang, 
A  Wakahara,  H.  Kuwahara,  S.  Noda, 
and  A  Sasaki,  Kyoto  University). 
Another  novel  approach  was  the  use  of 
the  phosphorus  precursor  triethylphos- 
phine  (TCP)  for  the  growth  of  GaP. 
This  precursor  has  been  thought  to  be 
too  stable  for  '  se  as  a  P  source;  how¬ 
ever,  Sasaki’s  group  showed  that  it  can 
be  used  with  trimethyigallium  (TMGa) 
for  GaP  growth,  but  only  at  high  tem¬ 
peratures  ( >700  °C).  The  triply  substi¬ 
tuted  group  III  alkyls  are  well  known  to 
give  excessive  levels  of  carbon  contam¬ 
ination.  Thus,  the  authors  used  a  Pt/ 
AljOj  catalyst  to  decompose  the  H, 
ambient,  giving  atomic  H,  which  is 
known  to  reduce  carbon  contamina¬ 
tion  in  the  epitaxial  solid.  They  found, 
from  secondary  ion  mai  spcctometry 
(SIMS)  measurements,  that  the  cata¬ 
lyst  did,  indeed,  reduce  the  carbon 
concentration  in  the  GaP  from  the  low 
10'^  cm^  range  by  approximately  an 
order  of  magnitude.  It  should  be  men¬ 
tioned  that  another  phosphorus  pre¬ 
cursor,  tertiarybutylphosphine  (TBP), 
is  available  that  ghes  much  higher  quality 
epitaxial  layers.  The  advantage  of 
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TEP  may  be  that  it  is  cheaper.  How¬ 
ever,  the  quality  of  the  layers  is  much 
inferior,  so  it  is  not  clear  whether  this 
line  of  research  will  be  fruitful,  although 
the  addition  of  H  to  the  system  to  reduce 
carbon  is  an  interesting  and  potentially 
useful  idea  for  other  systems. 

“MOVPE  Grown  HEMT  LSIs” 
(J.  Komeno,  Fujitsu  Laboratories).  A 
very  significant  practical  paper  was  a 
late  news  contribution  from  Fujitsu. 
They  use  a  large-scale  reactor  capable 
of  handling  12  3-inch  GaAs  substrate 
wafers  per  run.  They  have  previously 
reported  the  excellent  material  quality 
and  uniformity  obtained  as  well  as  the 
superior  quality  high  electron  mobility 
transistors  (HEMTs)  produced.  In  this 
large  barrel  reactor,  both  the  susceptor 
and  the  individual  wafers  are  rotated 
during  growth.  Now  the  technique  is 
moving  toward  production  for  circuit 
manufacturing.  Because  of  the  lower 
defect  density,  OMVPE  has  apparently 
proven  superior  to  molecular  beam 
epitaxy  (MBE)  (the  technique  origi¬ 
nally  used  by  Fujitsu  for  the  manufac¬ 
ture  of  individual  HEMT  devices).  The 
large-scale  OMVPE  technique  has  now 
been  used  to  produce  large-scale  inte¬ 
grated  (LSI)  circuits,  specifically  64K 
SRAMS.  Tlic  process  is  slightly  differ¬ 
ent  than  that  normally  used.  TMGa 
(combined  with  arsine)  is  used  to  grow 
most  of  the  layers,  but  for  the  layers 
where  thickness  is  extremely  critical, 
iricthylgallium  (TEGa)  is  used.  The 
lower  vapor  pre.ssure  gives  lower  growth 
rates  and  more  preeise  control  of  the 
layer  thickness.  Trimethylaluminum 
(TMAl  )  is  used  for  the  AlGaAs  layers. 
The  n-type  dopant  is  disilane.  The 
reactor  was  operated  at  reduced  pres¬ 
sure  (80  mbarj  at  a  temperature  of 
680  X.  As  mentioned  above,  the  number 
of  surface  defects  or  particles  is  lower 
for  OMVTE-grown  layers.  They  mea¬ 
sured  defect  densities  of  8  cm  ^  much 


lower  than  for  similar  structures  grown 
by  MBE.  Layer  thickness  and  doping 
levels  were  uniform  to  within  1%  and 
2%,  respectively.  More  importantly, 
for  production,  the  pinch-off  voltage 
was  found  to  vary  by  only  140  mV  over 
a  period  of  8  months  with  25  runs/ 
month  on  average.  The  standard  devia¬ 
tion  on  a  circuit  was  approximately 
12  mV.  For  the  64KSRAM,  the  HEMT 
gate  length  was  0.6  /rm.  This  yields 
devices  with  a  transconductance  of 
340  mS/mm  and  a  cut-off  frequency  of 
38  GHz.  The  chip  size  is  7.4  by  6.6  mm. 
A  typical  access  time  was  1.2  ns  with  a 
power  dissipation  of  5.9  W. 

MOLECULAR  BEAM  EPITAXY 
(MBE)  AND  MIGRATION 
ENHANCED  EPITAXY  (MEE) 

“Recent  Progress  in  MBE  and  MEE” 
(Y.  Horikoshi,  Y.  Hirayama,  and 
T.  Saku,  NTT  Basic  Research  Labora¬ 
tories).  Horikoshi  gave  an  invited  talk 
discussing  the  latest  developments  in 
MBE  and  MEE,  a  technique  devel¬ 
oped  by  NTT.  By  using  extremely  long 
bake  times  (20  days  at  200°C),  NTT  has 
succeeded  in  reproducing  the  earlier 
reported  AT&T  results  of  extremely 
high  (>10’  cmWs)  low  temperature 
mobilities  in  modulation  doped  GaAs/ 
AlGaAs  structures.  Attempts  to  obtain 
such  extremely  high  mobilities  by  MEE 
have  failed  because  it  is  more  difficult 
to  retain  high  purity  levels  since  the 
Ga-stabilized  surface  is  repeatedly 
exposed  to  the  ambient.  (During  MEE, 
the  flux  of  precursors  is  stopped  every 
monolayer  to  allow  the  atomic  steps  to 
move  on  the  surface.)  Even  under  the 
best  amditioas,  contamination  and  some 
degree  of  oxidization  occur.  Neverthe¬ 
less,  they  have  obtained  4.2K  mobili¬ 
ties  of  3.5  X  10^  cmWs.  Routine  growth 
by  MEE  also  causes  significant  prob¬ 
lems  with  conventional  shutters,  since 
they  must  be  opened  and  closed 


4,000  limes//im  of  growth.  (When  I 
visited  NTT  I  learned  that  they  have 
developed  a  new  type  of  sliding  shutter 
to  solve  this  problem.)  MEE  occurs 
effectively  in  MBE-like  conditions  only 
when  the  direction  of  (100)  substrate 
misorientation  is  such  that  [110]  steps 
are  produced.  The  asymmetry  between 
the  motion  of  [110]  and  [-110]  steps  on 
the  surface  also  gives  rise  to  asymmetric 
islands  for  growth  in  the  two- 
dimensional  nude?  tion  mode  in  MBE. 
They  reported  that  this  gives  rise  to 
anisotropic  transport  in  the  two- 
dimensional  electron  gas,  with  the  resis¬ 
tivity  in  the  [-110]  direction  being  sys¬ 
tematically  lower  than  the  resistivity  in 
the  [110]  direction.  This  asymmetry  is 
not  seen  in  structures  grown  using 
MEE.  A  very  interesting  outcome  of 
the  very  high  low-temperature  mobilities 
is  the  ability  to  directly  observe  ballistic 
motion  of  electrons.  For  a  van  der  Pauw 
sample  30  on  a  side,  electrons  can 
move  from  one  electrode  to  the  other 
without  scattering,  since  the  mean  free 
path  between  collisions  is  approximately 
70/^m.  This  gives  rise  to  nonlinear  I-V 
characteristics,  since  Ohm’s  law  is  not 
obeyed  by  ballistic  electrons. 

SURFACE  PROCESSES 
DURING  MBE.  MEE. 

AND  OMVPE 

This  is  a  rapidly  advancing  area  of 
research.  The  homogeneous  pyrolysis 
processes  have  been  extensively  studied 
in  the  authors’  group  as  well  as  in  sev¬ 
eral  others.  However,  little  informa¬ 
tion  is  available  about  the  actual  pro¬ 
cesses  occurring  at  surfaces.  This  invoKcs 
both  the  surface  catalyzed,  heteroge¬ 
neous  chemical  reactions  occurring  as 
well  as  the  physical  processes  of  recon¬ 
struction,  step  and  kink  motion,  sur¬ 
face  diffusion,  etc.  These  arc  extremely 
important  procc.sses  that  we  are  only 
n()w  beginning  to  he  able  to  study.  It  is 
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klso  an  area  where  a  great  deal  of  work 
s  being  initiated  in  Japan,  as  well  as  in 
jther  parts  of  the  world.  Since  this 
;onference  drew  most  speakers  from 
Japan,  this  was  an  excellent  opportu¬ 
nity  to  catch  a  glimpse  of  the  most 
advanced  work  in  Japan. 

“Step-Flow  Growth  and  Fractional- 
Layer  Superlattices  on  GaAs  Vicinal 
Surfaces  by  MOCVD”  (T.  Fukui  and 
H.  Saito,  NTT  Basic  Research  Labora¬ 
tories).  Fukui  gave  an  invited  presen¬ 
tation  at  ICVGE  dealing  with  the  growth 
of  vertical  or  fractional-layer  superlat- 
lices  by  OM  VPE.  The  horizontal  reac¬ 
tor  operated  at  76  Torr  using  TEGa, 
TEA],  and  arsine  to  give  controllably 
low  growth  rates  (0.47  A/s)  at  600  "C. 
The  nominally  (001)  GaAs  substrates 
were  misoriented  by  l“-2°  in  either  the 
[-110]  or  [110]  direction  to  introduce 
steps  with  the  proper  spacing  and  ori¬ 
entation  on  the  surface.  As  predicted 
some  years  ago  by  Petroff,  the  proper 
combination  of  substrate  misorienta- 
tion  and  growth  cycle  gives  rise  to  the 
growth  of  a  structure  on  each  step  so 
that  half  is  GaAs  and  the  other  half  is 
AJGaAs.  As  this  is  repeated  for  layer 
after  layer,  a  vertical  superlattice  is 
produced.  For  misorientation  to  give 
[-1 10[  steps,  uniform  superlattice  struc¬ 
tures  with  essentially  flat  layers  were 
produced.  I  believe  this  is  the  first  time 
such  a  perfect  superlattice  has  been 
grown  by  any  technique.  The  superlat¬ 
tice  period  is  found  to  scale  linearly 
with  the  step  spacing  deduced  from  the 
substrate  misorientation.  The  super- 
lattice  was  found  to  be  eliminated  for 
heavy  (10’*  cm  ’)  Si  doping.  This  was 
interpreted  in  terms  of  impurity  pinning 
effects  at  the  advancing  step  edges. 

The  ability  to  grow  these  superlat¬ 
tice  structures  was  interpreted  in  terms 
of  a  simple  surface  model,  assuming 
the  surface  is  completely  unrecon¬ 
structed.  This  is  an  extremely 


controversial  point  of  view.  In  private 
conversations,  the  NTT  people  point 
out  that  if  the  surface  were  covered 
with  H  radicals,  the  dangling  bonds 
would  be  satisfied,  thus  removing  the 
driving  force  for  reconstruction. 
Personally,  I  doubt  very  much  that  the 
surface  is  covered  with  H.  Nevertheless, 
this  would  account  for  the  orthogonal 
directions  of  step  motion  needed  in 
MBE  and  OMVPE  to  achieve  step- 
flow  growth. 

The  vertical  superlattice  was  found 
to  have  measurable  effects  on  optical 
properties.  Both  optical  absorption  and 
photoluminescence  spectra  were  found 
to  be  polarization  dependent.  This 
may  mean  that  such  structures  will  be 
useful  for  optical  and  electron  wave 
interference  devices. 

N.  Kobayashi,  Y.  Yamauchi,  and 
Y.  Horikoshi,  NTT  Basic  Research 
Laboratories.  Kobayashi  gave  an  invited 
talk  at  ASPE  on  new  surface  spec¬ 
troscopy  measurements  (surface  photo 
absorption  or  SPA)  made  during 
OMVPE,  or  to  be  more  precise  ALE 
(atomic  layer  epitaxy),  since  the  group 
III  and  group  V  precursors  were  supplied 
to  the  surface  at  different  times.  The 
basic  idea  is  that  at  the  Brewster  angle 
(70°-80°  from  the  normal)  for  light 
polarized  perpendicular  to  the  surface 
(p-polariza  tion),  the  absorption  due  to 
the  bulk  epitaxial  layer  is  a  minimum. 
Under  these  condition  the  electro¬ 
magnetic  (EM)  radiation  can  couple  to 
the  As-Ga  bonds  on  the  surface  for  one 
substrate  orientation.  This  interaction 
is  less  when  the  polarization  vector  is 
rotated  by  90°.  The  difference  in 
rclleaivity  is  then  used  to  derive  chemical 
information  about  processes  occurring 
on  the  surface.  In  addition,  the  photon 
energy  can  be  scanned  to  obtain 
additional  information  about  the  bonds 
being  probed.  When  the  beam  is  incident 
along  the  [-110]  direction,  a  peak  is 


seen  at  about  2.5  eV.  This  peak  disap¬ 
pears  when  the  substrate  is  rotated  by 
90°.  Thus,  the  peak  is  believed  to  be 
due  to  absorption  due  to  the  As-Ga 
bond  at  the  surface. 

The  experiments  are  done  in  fairly 
simple  OMVPE  reactors  that  I  saw 
when  I  visited  NTT  (see  the  later  sec¬ 
tion  describing  this  visit).  Two  reac¬ 
tors,  one  horizontal  and  the  other  ver¬ 
tical,  have  been  equipped  with  the  optical 
characterization  apparatus.  The  win¬ 
dows  must  be  purged  with  hydrogen  to 
avoid  obscurance.  The  light  source  is  a 
150-W  Xe  lamp  with  monochromator, 
polarizer,  and  chopper.  An  Si  avalanche 
photodiode  (APD)  detector  is  located 
on  the  other  side  of  the  reactor.  A 
window  at  normal  incidence  in  the 
horizontal  reaaor  can  be  used  to  monitor 
scattered  light,  to  detect  the  occurrence 
of  surface  roughness  due  to  droplet 
formation,  three-dimensional  nuclea- 
tion,  etc. 

Measurements  for  the  alternate 
supply  of  TMGa  and  arsine  at  560  °C 
show  a  p-polarized  reflectivity  change 
of  2%  for  a  wavelength  of 480  nm.  The 
Ga  surface  has  a  higher  reflectivity  than 
the  As  surface.  Again,  examination  of 
the  wavelength  dependence  shows 
that  the  2.5-eV  peak  occurs  only  for  the 
Ga-rich  surface.  A  systematic  change 
in  the  energy  of  this  peak  occurs  when 
In  or  A1  are  substituted  for  Ga.  In  fact, 
the  peak  energy  scales  linearly  with 
the  group  lII-As  bond  strength. 

Since  the  technique  gives  a  measure 
of  the  Ga  atoms  deposited  on  an  As 
stabilized  surface,  it  can  be  used  to 
measure  the  heterogeneous  rate  of 
pyrolysis  of  Ga  precursors  on  the  GaAs 
surface.  Tbis  gives  a  direct  quantitative 
measure  of  one  of  the  important  pro¬ 
cesses  for  ALE.  It  is  also  an  important 
tool  for  gaining  additional  informa¬ 
tion  about  the  surface  processes  occur¬ 
ring  at  atmospheric  pressure.  Thus,  it 
is  a  nearly  unique  and  potentially  very 
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valuable  tool.  However,  caution  should 
be  used  in  assuming  these  rates  will  be 
good  for  OMVPE,  since  the  group  III 
and  group  V  precursors,  and  their  frag¬ 
ments,  can  interact  on  the  surface  to 
assist  the  pyrolysis  processes.  Kobayashi 
studied  the  pyrolysis  of  both  TMGa 
and  TCGa.  He  was  able  to  assess  the 
reaction  kinetics.  He  was  also  able  to 
give  clear  information  about  the  satu¬ 
ration  process,  whereby  the  pyrolysis 
of  the  group  III  precursor  stops  after 
monolayer  coverage.  He  found  the 
saturation  process  to  be  due  to  termi¬ 
nation  of  the  surface  by  methyl  radicals 
in  the  case  of  TMGa.  He  also  found 
that  at  higher  temperatures  where 
deposition  continued  after  a  single 
monolayer  coverage,  the  scattered  light 
intensity  increased.  He  was  also  able  to 
measure  the  rate  of  desorption  of  methyl 
radicals  from  the  surface.  The  time 
constant  at  470  °C  is  100  seconds.  He 
found  the  activation  ctcrg>-  for  this 
procc.ss  to  be  32  kcal/mol. 

Kobayashi  also  reported  on  studies 
of  the  heterogeneous  pyrolysis  rates  of 
various  As  precursors.  The  activation 
energies  of  arsine,  tertiarybutylarsine 
(T3As),and  diethylarsine  were  nearly 
the  same,  ranging  from  0.736  to  0.822  eV. 
The  activation  energies  for  trimethyl- 
arsinc  and  triethylarsine  were  higher 
at  2.03  and  1.58  cV,  respectively.  He 
interprets  these  results  in  terms  of  steric 
effects.  The  molecules  with  one  or 
more  H  ligands  can  ad.sorb  strongly, 
giving  dissociative  adsorption.  The  mol¬ 
ecules  with  all  methyl  or  ethyl  radical 
ligands  arc  stcrically  hindered  from 
having  strong  interactions  with  the 
surface;  thus,  the  processes  are  not 
elfeetivcly  catalyzed  by  the  surface. 
Personally,  I  have  a  hard  time  accepting 
this  literally,  since  it  is  the  lone 
electron  pair,  which  should  be  exposed 
in  all  1  '  ihcse  molecules,  that  interacts 
most  sirongly  with  the  surface.  Also, 


the  2.93-eV  activation  energy  for  TMAs 
is  much  higher  than  the  well-known 
activation  energy  for  homolysis. 

In  summary,  this  appears  to  be  an 
extremely  worthwhile  new  technique 
for  the  sorely  needed  in-situ  measure¬ 
ment  of  surfaces  processes  in  atmo¬ 
spheric  pressure  (as  well  as  reduced 
pressure)  OMVPE.  I  expect  to  see  a 
rapid  increase  in  these  types  of  studies, 
since  the  experimental  apparatus 
required  is  not  elaborate  or  expensive. 

“The  Role  of  Step  Kinetics  in  MBE 
of  Compound  Semiconductors” 
(T.  Nishinaga  and  T.  Suzuki,  Univer¬ 
sity  of  Tokyo).  Professor  Nishinaga  gave 
an  invited  talk  on  the  role  of  surface 
steps  in  the  MBE  of  compound  semi¬ 
conductors.  He  postulated  that,  even 
though  MBE  is  a  basically  nonequilib¬ 
rium  process,  the  attachment  of  atoms 
at  the  step  edges  is  nearly  in  equilib¬ 
rium.  Thus,  he  developed  a  simple 
(overly  simple,  according  to  some 
observers)  model  of  the  incorporation 
of  atoms  during  MBE  where  a  super¬ 
saturation  exists  for  the  adatoms  on 
the  step  away  from  the  edges  and  equi¬ 
librium  is  assumed  at  both  the  front 
and  back  edges  of  the  step.  In  another 
talk  it  was  convincingly  argued  that 
atoms  see  a  barrier  for  transport  over 
the  front  edge,  so  equilibrium  would 
be  unlikely  there.  When  the  misorien- 
tation  is  small,  giving  wide  steps,  and 
the  flux  is  relatively  large,  the  atoms 
cannot  diffuse  to  the  step  edges  rapidly 
enough  to  avoid  a  large  supersaturation 
near  the  center  of  the  steps.  This  leads 
to  two-dimensional  nucication.  This 
was  treated  basically  by  the  traditional 
capillarity  theory,  which  is  obviously 
not  entirely  appropriate  for  this 
situation. 

He  then  presented  the  results  of 
experimental  studies  of  the  dependence 
of  alloy  composition,  for  InGaAs, 


AlGaAs,  and  AlInAs,  on  GaAs  sub¬ 
strates  with  different  misorientation 
angles  and  directions.  He  chose  growth 
temperatures  high  enough  to  allow 
evaporation  of  at  least  one  of  thegroup 
III  constituents  from  the  surface.  Obvi¬ 
ously,  if  this  were  not  the  case,  the  solid 
composition  would  only  reflect  the 
relative  fluxes  of  the  various  group  III 
atoms  to  the  surface.  He  found  that  for 
GalnAs  the  solid  composition  varied 
with  the  degree  and  angle  of  misorien¬ 
tation.  Thus,  growth  is  not  an  equilib¬ 
rium  process.  However,  for  AlGaAs 
and  AlInAs  the  alloy  composition  was 
independent  of  surface  orientation. 

“Dynamics  and  Kinetics  of  MBE 
Growth”  (B.A  Joy^e,  Imperial  Col¬ 
lege,  London).  Professor  Joyce  reviewed 
the  results  of  his  group  using  rather 
more  sophisticated  surface  models.  They 
use  more  appropriate  statistical- 
mechanical  nucleation  models  than  does 
Nakanishi  and  do  not  assume  equilib¬ 
rium  at  the  step  edges.  Comparing 
their  experimental  results  on  two- 
dimensional  nucleation  from  reflectance 
high  energy  electron  diffraction 
(RHEED)  measurements  during  MBE 
at  various  incident  flux  levels,  they  are 
able  to  derive  several  critical  quantities 
including  the  activation  energy  for 
surface  diffusion  (1.3  eV).  They  pre¬ 
dict  that  type  A  steps  (fora  [110]  mis¬ 
orientation)  will  be  nearly  flat,  with 
few  kinks.  The  type  B  steps  (for  [-110] 
misorientation)  are  extremely  rough 
and  type  C  (for  [010]  misorientation) 
arc  in-between.  An  important  new  point 
mentioned  in  Joyce’s  talk  is  the  ability 
to  sec  reflectivity  difference  (RD)  oscil¬ 
lations  during  MBE  growth,  with  both 
As  and  Ga  beams  amtinuously  on.  (RD 
o.scillations  are  normally  observed  for 
the  ALE  mode  of  growth  where  the 
group  HI  and  group  V  beams  are 
modulated  out  of  pha.se.)  The  RD 
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oscillations  correspond  directly  to  the 
RHEED  oscillations.  The  morphology 
is  not  modulated  during  growth,  so  the 
oscillations  must  be  due  to  changes  in 
the  chemistry,  perhaps  the  surface  stoi¬ 
chiometry,  during  growth.  This  result 
is  extremely  exciting  for  OMVPE  people, 
since  this  technique  offers  the  best 
possibility  of  in-situ  monitoring  of  the 
process. 

“Step-Density  Dependence  of 
Growth  Rate  on  Vicinal  Surface  of 
MOCVD”  (M.Kasu,  H.  Saito,  and 
T.  Fukui,  NTT  Basic  Research  Labo¬ 
ratories).  The  results  of  interesting 
studies  of  the  dependence  of  GaAs 
growth  rate  on  substrate  misorienta- 
tion  were  presented.  The  substrates 
were  misoriented  toward  the  [-110] 
direction  by  angles  of  from  Tto4°.  The 
growth  rate  was  studied  by  the  very 
sensitive  technique  of  examining  the 
superlattice  period  of  (AIAs)^5(GaAs)^ 
vertical  superlattices  using  x-ray  dif¬ 
fraction  satellite  peaks.  They  found  that 
the  growth  rate  increases  by  2%  as  the 
misorientation  increases  from  T  to  T. 
This  is  due  to  the  increase  in  the  step 
density.  For  wide  steps,  the  group  III 
precursors,  or  their  intermediate  prod¬ 
ucts,  tray  desorb  from  the  surface  before 
reaching  a  step  edge  where  they  are 
incorporated. 

SUMMARY  OF 
COMPANY  VISITS 

NTT  Basic  Research 
Laboratories,  Musashino, 
Tokyo 

Dr.  Kobayashi  and  Dr.  Horikoshi 
were  my  hosts  for  the  day.  Horikoshi 
described  his  recent  progress  in  MBE 
and  MEE,  as  described  above,  since  he 
gave  an  invited  talk  on  this  subject  at 
ICVGE-7. 1  found  hus  work  on  extremely 


high  mobility  AlGaAs/GaAs  structures 
most  interesting,  including  the  asym¬ 
metry  in  resistivity  and  the  ballistic  effects 
he  observes  for  van  der  Pauw  measure¬ 
ments  on  small  samples.  His  ideas  about 
surface  reconstruction  effects  on  epi¬ 
taxial  growth  are  directly  relevant  to 
current  work  on  the  formation  of  ordered 
structures  in  IIIA' alloys  grown  by  both 
MBE  and  OMVPE.  We  have  assumed 
that  the  surface  reconstruction  and  step 
motion  during  OMVPE  are  similar  to 
MBE,  where  a  better  idea  of  these 
processes  can  be  obtained  from  in-situ 
experimental  observations.  The  work 
of  Horikoshi  and  Fukui  on  the  occur¬ 
rence  of  step-flow  growth  in  the  two 
techniques  seems  to  bring  such  assump¬ 
tions  into  question.  They  find  that 
[-110]  steps  are  rough  but  are  necessary 
for  the  growth  of  horizontal  superlat¬ 
tices  in  MBE  and  MEE.  On  the  other 
hand,  [110]  steps  are  necessary  for  the 
growth  of  horizontal  superlattices  by 
OMVPE  and  are  therefore  thought  to 
be  rough.  They  interpret  this  differ¬ 
ence  to  the  passivation  of  all  surface 
bonds  by  adsorbed  H  atoms  in  OMVPE. 
1  have  reservations  about  their  inter¬ 
pretation  of  the  experimental  results 
in  terms  of  specific  surface  structures. 

By  far  the  most  interesting  results 
for  an  OMVPE  person,  such  as  myself, 
were  the  beautiful  surface  spectroscopy 
results  of  Kobayashi  and  coworkers. 
This  is  discussed  in  detail  above  in 
relation  to  Kobayashi’s  invited  talk  at 
ASPE.  The  experimental  apparatus  is 
attractively  simple,  although  more 
elaborate  versions  are  currently  being 
installed.  This  appears  to  be  an  extremely 
attractive  and  promising  technique  for 
the  in-situ  measurement  of  surface  pro¬ 
cesses  in  OMVPE,  although  to  date 
the  technique  has  proven  successful 
only  for  thcaltcrnatingsupply  of  group 
III  and  group  V  precursors,  as  for  ALE 
growth. 


I  also  had  discussions  with 
Mr.  Nozawa,  who  described  successful 
growth  of  GaAs  on  Si  substrates  using 
MEE  at  very  low  temperatures  to  avoid 
the  thermal  expansion  mismatch  respon¬ 
sible  for  many  of  the  defects  in  GaAs 
on  Si.  MEE  growth  at  300  °C  resulted 
in  GaAs  with  dislocation  densities  as 
low  as  lO"*  cm a  very  impressive  num¬ 
ber.  The  catch  is  that  any  high  temper¬ 
ature  steps  in  either  growth  or  process¬ 
ing  cause  the  generation  of  disloca¬ 
tions.  Thus,  no  laser  devices  have  been 
fabricated  in  this  material. 

University  of  Tsukuba 

My  host  at  the  University  of  Tsukuba 
was  Professor  Fumio  Hasegawa,  in  the 
Institute  of  Materials  Science.  He  is 
working  on  the  difficult  problem  of 
growing  AlGaAs  epitaxially  using  the 
chloride  VPE  technique.  He  uses  inde¬ 
pendent  AsClj  sources  for  the  trans¬ 
port  of  Ga  and  Al  to  the  epitaxial  layer. 
The  AsQ,  reacts  with  liquid  Ga  at  750  "C 
to  form  GaCl  and  with  solid  Al  at 
650  ”  C  to  form  AlCl, .  These  are  reacted 
with  the  As  produced  at  750  °C  to  form 
the  AlGaAs  layers  with  Al  contents  of 
from  15%  to  54%.  The  layers  are 
contaminated  with  Si  since  the  AlClj 
reacts  vigorously  with  the  hot  silica 
walls,  even  though  theyare  coated  with 
carbon.  He  has  also  grown  AlGaAs 
and  GaAs  using  GaQj,  AlQy  and  arsine 
as  sources  at  a  substrate  temperature 
of  600  "C.  The  group  III  trichlorides 
were  contained  in  stainless  steel 
containers  at  temperatures  between  60 
and  120  °C.  GaAs  can  be  grown  using 
GaClj  and  either  AsHj  or  elemental 
As.  Apparently  GaClj  is  able  to  react 
directly  with  arsine.  His  group  is  also 
studying  the  ALE  growth  of  GaAs 
using  GaCljUnd  arsine.  This  is  an  intcr- 
estingapproach  to  reducing  the  carbon 
contamination  commonly  observed  in 
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ALE  using  organometallic  group  III 
precursors.  This  technique  has  been 
attempted  for  AlGaAs  without  success 
to  date. 

I  also  visited  with  Professor  Kawabe, 
who  is  an  MBE  specialist.  He  is  doing 
interesting  work  with  the  addition  of 
atomic  H  during  growth.  This  was 
originally  used  for  the  in-situ  cleaning 
of  Si  surfaces  for  the  low  temperature 
growth  of  GaAs  on  Si.  Low  temperatures 
are  necessary  because  most  of  the  defects 
come  from  the  thermal  expansion  coef¬ 
ficient  mismatch  between  the  two 
materials.  The  atomic  hydrogen  is 
produced  from  by  a  heated  tungsten 
filament.  He  and  his  students  have 
recently  shown  that  the  addition  of  H 
during  MBE  growth  allows  for  selec¬ 
tive  growth  on  SiO^  or  SiN^  masked 
substrates  at  550  °C.  The  H  produces 
volatile  Ga  and  As  species  that  leave 
the  dielectric  surface  while  growth  occurs 
on  the  GaAs  surface.  For  normal  MBE, 
growth  temperatures  in  excess  of  700  "C 
are  necessary  to  allow  the  Ga  to  vaporize 
from  the  dielectric  substrate. 

NEC  Fundamental  Research 
Laboratories,  Tsukuba 

My  visit  was  hosted  by  Dr. 
K.  Kakimoto.  He  showed  me  interest¬ 
ing  results  on  the  bulk  growth  of  GaAs 
with  diameters  of  up  to  4  inches  with 
x-ray  observation  for  diameter  control. 
They  also  use  magnetic  fields  (6  T 
using  a  conventional  magnet)  to  sup¬ 
press  convection  in  the  melt.  They  take 
a  very  systematic  approach  of  measur¬ 
ing  the  viscosity,  thermal  conductivity, 
etc.  of  molten  Si  and  apply  large-scale 
numerical  calculations  to  predict  opti¬ 
mum  growth  geometries  and  condi¬ 
tions  and  to  interpret  their  results. 

I  also  visited  with  Mr.  Usui,  who 
discussed  ALE  of  GaAs  and  GalnAs 
using  TEGa  and  TMIn  plus  Hcl  for  in- 
situ  formation  of  DEGaQ  and  DMInQ. 
These  molecules  are  ideal  sources  for 


ALE  since  they  decompose  to  the 
monochlorides,  which  give  a  wide 
temperature  range  where  one  mono- 
layer  per  growth  cycle  is  deposited.  Tliey 
have  also  used  a  new  precursor  mole¬ 
cule,  DMInCl,  directly  for  ALE.  Two 
types  of  ALE  apparatus  are  used.  One 
is  a  multibarrel  reactor  where  the  sub¬ 
strate  is  shuttled  back  and  forth  between 
the  two  gas  streams  (one  only  group  V 
and  the  other  only  group  III).  The  other 
is  a  conventional  OMVPE  reaaor  where 
the  gas  streams  are  switched  back  and 
forth  above  the  stationary  substrate. 

I  met  Dr.  Ono,  who  runs  an  elabo¬ 
rate  ultra-high  vacuum  (UHV)  trans¬ 
mission  electron  microscope  (TEM) 
connected  with  a  UHV  deposition 
chamber.  They  are  interested  in  observ¬ 
ing  directly  the  atomic  arrangement  on 
the  surface  during  MBE  growth. 

Finally,  Ispokewithscientists  using 
supercomputers  to  calculate  from  first 
principles  (molecular  orbital  calcula¬ 
tions)  simple  (for  now)  chemical  reac¬ 
tion  mechanisms.  Elaborate  and  beauti¬ 
ful  graphics  are  used  to  visualize  the 
molecules  vibrating,  rotating,  and 
eventually  splitting  apart.  So  far  they 
have  not  gotten  to  organometallic  mol¬ 
ecules,  but  it  is  easy  to  envision  that  in 
the  near  future  we  will  be  seeing 
movies  of  tertiarybutylarsine  molecules 
during  the  decomposition  process. 
Naturally,  such  graphical  simulations 
are  extremely  time  consuming.  However, 
with  ever  increasing  computer  power  I 
would  expect  this  to  be  a  common 
research  area  in  the  future. 

As  with  other  laboratories  in  Japan, 
the  growth,  measurement,  and  com¬ 
puting  facilities  were  impressive. 

Optoelectronics  Technology 
Research  Laboratory,  Tsukuba 

A  very  impressive  new  laboratory 
is  the  Optoelectronics  Technology 
Research  Laboratory  (OTL),  also  in 
Tsukuba.  My  visit  was  hosted  by  an  old 


friend,  the  laboratory  director.  Dr. 
Izuo  Hayashi.  He  formerly  headed  the 
Optoelectronics  Joint  Research  Labo¬ 
ratory  (OJRL)  in  Kawasaki,  a  Ministry 
of  International  Trade  and  Industry 
(MITI)  funded  laboratory  staffed  with 
researchers  from  several  Japanese 
companies.  OJRL  was  planned  to  have 
a  finite  life  from  the  beginning.  This 
was  perceived  as  a  mistake  by  Hayashi; 
thus,  this  laboratory  is  permanent. 
They  have  10  years  of  funding  at  a  level 
of  approximately  S8M/yr:  70%  of  the 
funding  comes  from  the  government 
and  30%  from  13  industrial  companies, 
including  NEC,  Hitachi,  Toshiba, 
Sumitomo,  Matsushita,  and  Oki  Elec¬ 
tric.  The  emphasis  of  the  laboratory  is 
very  well  defined.  The  twin  objectives 
are  to  understand  the  surface  pro¬ 
cesses  occurring  during  epitaxy  and  to 
control  these  and  other  processes,  such 
as  beam  assisted  processing,  to  obtain 
atomic  control  of  patterns  in  three 
dimensions.  The  fundamental  infor¬ 
mation  gained  is  then  passed  on  to  the 
13  partner  companies  via  a  series  of  13 
device  research  laboratories,  one  at  each 
company.  The  facilities  as.sembled  for 
the  study  of  surface  processes  and 
beam  assisted  processing  are  beautiful 
and  impressive,  although  the  laboratory 
seems  a  little  understaffed  at  present. 
Nevertheless,  an  impressive  stream  of 
research  results  has  already  begun.  The 
tools  brought  to  bear  on  the  problem 
of  epitaxial  growth  include  several 
scanning  tunneling  microscopes 
(STMs),  a  UHV  TEM  connected  directly 
to  an  MBE  machine,  x-ray  photoemis¬ 
sion  spectroscopy  (XPS)  and  other 
surface  analytical  techniques,  an  MBE/ 
MOMBE  (metal  organic  molecular 
beam  epitaxy)  machine  with  scanning 
RHEED  (for  local  growth  rate  analy¬ 
sis),  and  a  growth  chamber  coupled  to 
a  mass  spectrometer  and  a  thermally 
programmed  desorption  (TPD)  appa¬ 
ratus.  This  part  of  the  laboratory  was 
planned  and  coordinated  by 
Y.  Katayama. 
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An  example  of  the  initial  results  is 
the  study  of  ALE  by  MOMBE  using 
either  TMGa  or  TEGa  and  arsine  in 
the  system  with  a  scanning  RHEED.  It 
is  found  that  the  self-limiting  process 
involves  adsorption  of  undecomposed 
molecules  of  the  group  III  precursors. 
The  Ga  layer  can  be  more  than  a  mono- 
layer  thick  during  the  group  III  part  of 
the  cycle.  However,  the  group  III  pre¬ 
cursor  molecules  in  excess  of  a  mono- 
layer  desorb  when  the  group  III  flux 
stops.  The  mechanism  of  MOMBE 
growth  of  GaAs  using  TMGa  and  arsine 
has  also  been  explored.  In  the  same 
apparatus  they  also  studied  surface 
diffusion  processes  by  growing  on  (001) 
surfaces  adjacent  to  (111)  \ and  (lll)B 
facets  produced  by  chemical  etching. 
The  growth  rate  is  higher  in  the  vicinity 
of  the  former  and  lower  for  the  latter. 
The  exponential  distribution  of  growth 
rate,  measured  using  microprobe 
RHEED,  is  believed  to  give  a  direct 
measure  of  the  Ga  diffusion  length. 
Interestingly,  the  diffusion  length  along 
the  (-110]  direction  is  about  10  times 
higher  than  in  the  [110]  direction.  Dif¬ 
fusion  lengths  of  nearly  10  microns  are 
observed  at  550  °C  along  the  [-110] 
direction. 

In  related  mass  spectrometric studies 

in  a  modulated  beam  apparatus,  the 

pyrolysis  of  TMGa  on  SiOj  and  GaAs 

surfaces  was  studied.  As  expected,  the 

surface  has  a  large  effect,  with  pyrolysis 

being  more  rapid  on  a  GaAs  surface.  It 

begins  at  about  350  °C.  For  the  first 

time,  they  also  demonstrated  that  the 

pyrolysis  rate  is  higher  on  an  As- 

stabilised  surface  than  on  a  Ga-stabilized 

surface.  The  addition  of  As^  on  the 

<1 

surface  had  no  effect  on  the  TMGa 
pyrolysis  rate. 

These  observations  are  directly 
related  to  efforts  to  produce  micro¬ 
structures.  Using  MOMBE  (TMGa  -t- 
solid  As)  they  were  able  to  achieve 
selective  epitaxy  using  a  gallium  oxide 
mask  produced  by  electron-beam- 
induced  chlorine  etching  (to  be  dLscassed 


below).  At  350  “C,  pyrolysis  of  TMGa 
on  the  GaAs  surface  begins  but  is  not 
initiated  on  the  oxide  surface  until 
550  “C. 

The  masked  pattern  is  formed  by 
oxidizing  the  GaAs  at  room  tempera¬ 
ture  under  illumination  from  a  halo¬ 
gen  lamp.  An  electron  beam  (EB)  can 
also  be  used.  The  oxide  layer  was  directly 
patterned  by  EB  irradiation  under  Cl^ 
gas.  This  removes  the  oxide  without 
damaging  the  underlying  GaAs. 
Focussed  ion  beams  have  been  used  in 
the  past  for  maskless  pattern  forma¬ 
tion.  However,  the  high  energy  ion  beams 
damage  the  surface,  resulting  in  reduced 
minority  carrier  lifetimes,  etc  The  OTL 
people  found  that  an  electron  beam 
will  do  the  Job  equally  well  when  the 
surface  is  exposed  to  a  Cl^ambient.  The 
resulting  surface  is  undamaged.  This 
EB-induced  etching  also  works  for 
AlGaAs.  This  process  is  now  carried 
out  in  an  impressive  UH V system  with 
seve  interconnected  chambers:  load¬ 
ing,  ample  exchange,  preheating,  MBE, 
surface  treatment,  etching,  and  surface 
analysis.  As  I  recall,  the  line  widths 
obtained  today  are  as  small  as  100  nm, 
although  they  plan  to  decrease  this  to 
about  10  nm  in  the  near  future.  They 
will  use  this  technique  for  the  fabrica¬ 
tion  of  two-  and  three-dimensional 
nanostruaures  in  IIl'V  semiconductors. 

OTL  also  has  impressive  micros¬ 
copy  facilities.  A  major  effort  there  is 
a  study  of  the  reduction  of  dislocations 
in  GaAs  on  Si  by  using  very  thin,  buried 
GalnAs  or  Si  layers  in  the  GaAs.  A 
major  effort  relates  to  a  fundamental 
study  of  the  types  of  dislocations  removed 
by  a  strained  layer. 

Hitachi  Central 
Research  Laboratory 

Dr.  Minegawa  hosted  my  visit  to 
the  Hitachi  laboratories.  I  saw  work  in 
a  number  of  areas,  including  the  growth 
of  ZnSSe  for  blue-green  lasers,  a  hot 
topic  around  the  world  since  the  very 


recent  announcement  by  the  group  at 
3M  of  injection  lasers  operating  slightly 
below  room  temperature  in  this  sys¬ 
tem.  Apparently  several  laboratories 
in  Japan  have  serious  efforts  in  this 
area  and  are  “hot  on  the  heels”  of  the 
3M  group. 

I  also  saw  novel  work  on  the  growth 
of  GaAs  whiskers  by  low  temperature 
OMVPE  (TMGa  plus  arsine).  The 
mechanism  is  that  the  arsine  pyrolysis 
is  so  slow  at  low  temperatures  (380- 
500  °C)  that  the  surface  becomes  Ga- 
rich.  This  results  in  the  vapor-liquid- 
solid  (VLS)  growth  of  whiskers.  We 
and  others  have  observed  similar 
whiskers  for  OMVPE  growth  of  GaAs, 
InAs,  and  InP  when  the  V/III  ratio  is 
too  low.  The  Hitachi  group  found  that 
the  whiskers  prefer  to  propagate  in  the 
[111]  direction;  thus,  they  used  (111)- 
oriented  GaAs  substrates  so  that  the 
whiskers  are  normal  to  the  surface. 
They  control  the  location  of  the  whiskers 
by  using  an  SiO^  mask  with  small  holes 
opened  in  it.  This  results  in  whiskers  as 
thin  as  10  nm,  barely  small  enough  to 
produce  a  quantum  size  effect  in  these 
“quantum  wires.”  Impressive  transmis 
sion  electron  micrographs  show  that 
the  whiskers  are  filled  with  stacking 
faults.  Photoluminescence  (4.2K) 
spectra  were  obtained  from  the  whiskers. 
As  expected,  the  peaks  occur  very  near 
those  of  GaAs  epitaxial  layers. 

Researchers  at  Hitachi  have  been 
studying  ordering  in  GalnP  for  a  num¬ 
ber  of  years.  The  results  1  saw  simply 
confirmed  earlier  impressions.  They 
have  obtained  material  that  is  mainly 
composed  of  ordered  domains.  These 
samples  show  very  strong  electron  dif¬ 
fraction  intensities  in  the  supcrlatticc 
spots.  However,  some  of  these  mate¬ 
rials  do  not  show  the  reduction  of 
bandgap  normally  (by  other  researchers 
in  the  field)  associated  with  ordering. 
They  doubt  that  ordering  results  in  a 
decreased  bandgap  energy. 
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Kyoto  University 

Professor  Sasaki  was  my  host  a  Kyoto 
University.  Overall,  his  laboratory  is 
extremely  well  equipped  for  a  Japanese 
University.  They  have  several  OMVPE 
and  MBE  machines  as  well  as  a  labo¬ 
ratory  for  device  fabrication.  A  big  prob¬ 
lem  is  that  they  have  few  Ph.D.  students 
(three  at  Kyoto,  as  I  recall).  Much  of 
the  work  is  done  by  the  three  research 
assistants,  a  little  like  assistant  profes¬ 
sors  in  the  United  States,  and  under¬ 
graduate  students.  At  dinner,  his  wife 
informed  us  that  Sasaki  works  from 
8  a.m.  to  midnight,  6  days  a  week,  and  a 
few  hours  on  Sunday.  Perhaps  this  is 
why  his  laboratoiy  produces  so  much 
good  work  over  such  a  broad  range  of 
topics  from  fundamental  materials  work 
to  device  studies.  We  discussed  his  work 
on  alternate  precursors  to  arsine  and 
phosphine,  an  area  of  interest  for  me. 
His  student  reported  on  the  use  of  a 
Pt-Al,03  catalyst  to  produce  atomic  H 
from  H,  to  reduce  carbon  in  GaP  grown 
using  TMGa  and  TEP.  His  group  also 
does  theoretical  and  experimental 
studies  of  the  atomic  structure  of  III/V 
alloys,  including  ordering,  clustering, 
etc. 
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The  research  interests  of  Professor 
G.B.  StringfcUow  center  on  new 
semiconductor  materials,  structures, 
and  devices.  Theemphasis  is  on  m/V 
semiconductors,  with  interests  ranging 
Grom  the  thermodynamics  of  nw 
alloys,  epitaxial  techniques  used  for 
their  growth,  and  their  electrical  and 
optical  properties,  to  the  growth  of 
supcrlattice  structures.  His  group  is 
well  known  for  pioneering  research 
on  organometaUie  vapor  phase  epi¬ 
taxy  (OMVPE).  This  indudes  the 
search  for  new  precursor  molecules 
to  replace  the  hazardous  group  V 
hydrides  as  well  as  fundamental  studies 
of  the  thermodynamics  and  kinetics 
of  OMVPE.  The  range  of  materials 
studied  includes  a  scries  of  immisci¬ 
ble  alloys  such  as  GaAsSb,  InPSb, 
GaPSb,  GalnAsSb,  and  GaInPSb.  His 
group  has  also  done  leading  research 
in  the  growth  of  high  bandgap  alloys, 
such  as  AlGalnP,  for  \isible  li^t 
emitting  diodes  and  lasers,  and  small 
bandgap  alloys,  sudi  as  InAsSbBi, 
for  photon  detectors  operating  at 
wavelengths  as  long  as  12  microns. 
StringfcUow  received  a  Ph.D.  degree 
in  materials  science  from  Stanford 
University  in  1968.  He  then  spent 
13  years  at  Hewlett-Packard  Labo¬ 
ratories  in  Palo  Alto,  California, 
before  becoming  a  joint  professor  of 
Materials  Science  and  Engineering 
and  Electrical  Engineering  at  the 
University  of  Utah  in  1980.  He  has 
been  a  visitor  at  the  Max  Planck 
Institute  in  Stuttgart  (1979)  and  was 
a  Guest  FcUow  of  the  Royal  Society 
at  the  University  of  Oxford  in  1990. 
He  received  the  von  Humboldt  U.S. 
Senior  Scientist  Prize  in  1979  and 
the  University  of  Utah  Distinguished 
Research  Award  in  1989.  He  is  a 
FcUow  of  the  IEEE. 
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RESEARCH  ON  VLSI  FOR 
DIGITAL  VIDEO  SYSTEMS  IN  JAPAN 


This  report  reviews  research  on  design  and  implementation  of  very  large  scale 
integration  (VLSI)  systems  for  digital  video  technology  at  Graphics 
Communication  Technologies  (GCT)  [in  collaboration  with  Bell 
Communications  Research  (Bellcore),  NJ,  U.S.],  NTT,  and  NEC.  First,  GCT/ 
Bellcore’s  complete  dedicated  integrated  circuit  approach  to  design  of  a  video 
codec  is  reviewed.  Tljen  NTT  and  NEC’s  video  signal  processor  approaches  to 
high-definition  television  video  signal  processing  are  described. 


INTRODUCTION 

The  availability  of  devices  for  data 
acquisition,  data  storage,  and  printing 
and  display;  advances  in  very  large  scale 
integration  (VLSI)  integrated  circuit 
(IC)  technology;  and  advances  in  image 
compression  techniques  have  now  led 
to  the  feasibility  of  high  quality  digital 
transmission  of  color  video  images 
(Ref  1-4).  Representation  of  color  video 
images  requires  a  vast  amount  of  data, 
and  real-time  transmission  of  such 
images  can  only  be  done  if  compres¬ 
sion  ratios  by  a  factor  of  50  or  100  can 
be  achieved.  Fortunately,  the  current 
video  compression  technology  (Ref  5) 
can  meet  this  demand.  This  observa¬ 
tion  implies  that  we  will,  in  the  near 
future,  be  able  to  use  color  fax,  color 
scanners,  low-cost  video  phones,  video 
tcleatnfercncing,  transmission  of  color 
medical  images  and  newspaper  trans¬ 
mission,  etc.  These  advances  will  also 
lead  to  high-definition  television  in 
private  homes.  But,  all  these  things  will 
become  reality  only  if  they  can  be  pro¬ 
vided  at  low  cost.  Research  on  VLSI 
implementation  of  systems  for  video 
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phones,  video  teleconferencing,  trans¬ 
mission  of  still  and  moving  images,  and 
high-definition  television  is  now  being 
pursued  world  wide. 

Processing  of  vast  amounts  of  data 
(as  in  a  video  frame)  can  be  done  in  one 
of  two  ways.  First,  dedicated  or  appli¬ 
cation  specific  integrated  circuits 
(ASICs)  can  be  used.  These  circuits 
offer  limited  or  no  programming  flexi¬ 
bility  and  perform  the  dedicated  func¬ 
tions  in  a  very  efficient  manner.  As  a 
result,  these  designs  are  silicon  area 
efficient  and  consume  less  power.  A 
second  approach  is  to  use  a  massively 
parallel  processor  based  system.  In  this 
approach,  tasks  are  allocated  in  such  a 
way  that  the  processors  are  kept 
always  busy  (in  other  words,  the  load 
among  processors  is  always  approx¬ 
imately  balanced).  This  can  be  done  in 
many  ways.  For  example,  different  pro¬ 
cessors  can  perform  identical  portions 
of  the  algorithm  on  different  parts  (or 
blocks)  of  the  video  fram&  Alternatively, 
different  portions  of  the  algorithm  can 
be  executed  by  different  processors 
(on  identical  blocks  of  data  of  the 
video  frame)  in  a  pipelined  (orskewed) 


manner.  These  parallel  processors  are 
referred  to  as  video  signal  processors 
(VSPs).  Video  signal  processors  have 
the  advantage  of  programmability,  thus, 
different  applications  can  be  pro¬ 
grammed  on  the  same  system.  But  rapid 
prototyping  of  different  applications 
using  video  signal  processors  can  only 
be  achieved  if  very  efficient  compilers 
are  available.  Thus,  research  in  com¬ 
piler  technology  is  necessary.  The  draw¬ 
back  of  the  VSP  approach  is  that  it  can 
be  more  expensive  and  can  consume 
more  power. 

GCT/Bellcore  has  a  dedicated 
approach  to  design  of  a  video  codec 
(Ref  6-12).  The  GCT  Corporation  is 
70%  supported  by  the  Japanese 
Government  and  30%  supported  by 
private  organizations.  This  collabora¬ 
tive  research  is  carried  out  by 

Hiroshi  Fujiwara 
Graphics  Communication 
Technologies,  Ltd. 

7-1-5  Minami-Aoyama 
Minato-ku,  Tokyo  107,  Japan 
Tel:  81-3-3498-7141 
Fax:  81-3-3498-7543 
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and 

Ming  L.  Liou 

Bellcore 

Room  3X-303 

331  Newman  Springs  Road 

Red  Bank,  NJ  07701-7040 

Tel:  908-758-2949 

In  this  dedicated  approach,  each  por¬ 
tion  of  the  image  compression  in  the 
encoder/decoder  is  carried  out  by  one 
integrated  circuit.  The  complete  codec 
requires  14  different  chips  and  11  dif¬ 
ferent  designs. 

The  project  HiPIPE  (highly  Parallel 
Image  Processing  Engine)  for  super- 
high-definition  (SHD)  image  process¬ 
ing  at  NTT  is  carried  out  by 

Naohisa  Ohta  and  Tetsurou  Fujii 
NTT  Transmission  Systems 
Laboratories 
Y-808C,  1-2356  Take 
Yokosuka,  Japan 

The  HiPIPEconsLts  of  128  processing 
elements  connected  in  a  mesh  manner 
(Ref  13-14).  The  HiPIPE  system  has 
been  shown  to  be  twice  faster  than  the 
Cray-2  for  still  image  coding  tasks. 

Another  VSP  system  has  been 
designed  at  NEC,  and  this  system  is 
referred  to  as  HD-VSP  (which  stands 
for  high-definition  video  signal  pro¬ 
cessor)  (Ref  15).  The  HD-VSP  con¬ 
sists  of  8  clusters  and  16  processors  per 
cluster.  This  system  can  achieve  a  pro- 
ce.ssing  rate  of  2.5  billion  operations 
per  second.  This  research  at  NEC  is 
managed  bj 

Takao  Nishitani 
Terminal  Systems  Research 
Laboratory 

G&C  Systems  Research  Laboratories 
NEC  Corporation 
l-I,  Miyazaki  4-chome 
Miyamae-ku 

Kawasaki,  Kanagawa  216,  Japan 


Tel:  81-44-856-2118 

Fax:  81-44-856-2232 

Email:  takao@tsl.cl.nec.co.jp 

This  report  is  primarily  based  on 
talks  presented  at  the  199 1  IEEE  Inter¬ 
national  Symposium  on  Circuits  and 
Systems  held  in  Singapore  from 
11-14  June  1990.  A  brief  overview  of 
different  image  coding  approaches  and 
international  image  coder  standards  is 
presented.  Then  GCT/Bellcore’s  video 
codec  design,  NTTs  HiPIPE,  and  NECs 
HD-VSP  systems  are  reviewed. 

IMAGE  COMPRESSION 
TECHNIQUES  AND 
STANDARDS 

In  1990,  three  international  standards 
were  completed.  These  are  Joint 
Photographic  Experts  Group  (JPEG) 
(Ref  2),  Moving  Piaures  Experts  Group 
(MPEG)  (Ref  3),  and  H.261  (Ref  4). 
The  JPEG  standard  is  the  first  interna¬ 
tional  standard  for  still,  multilevel,  digital 
image  compression  and  was  a  result  of 
joint  collaboration  between  the  Inter¬ 
national  Telegraph  and  Telephone 
Consultative  Committee  (CCITT)  and 
the  International  Organization  for 
Standardization  (ISO).  The  MPEG 
standard  covers  transmission  of  mov¬ 
ing  images  and  addresses  transmission 
of  video  and  associated  audio  and  audio¬ 
visual  synchronization.  MPEG  addresses 
video  compression  at  1.5  Mbits  and 
audio  compression  at  rates  of  64, 128, 
and  192  Kbits/s.  H.261  addresses  the 
video  codec  standard  for  transmission 
of  video  services  using  the  Integrated 
Services  Digital  Network  (ISDN)  chan¬ 
nel.  The  video  codec  for  the  audio¬ 
visual  services  standard  addresses  trans¬ 
mission  at  px64  Kbits/s  (where  p  can 
lie  between  1  and  30). 

The  video  compression  techniques 
used  in  all  these  standards  are  not 
completely  different.  Furthermore,  all 
these  standards  do  not  use  a  single 


compression  approach;  rather,  all  these 
standards  use  a  combination  of  multi¬ 
ple  independent  compression  tech¬ 
niques.  This  section  briefly  reviews 
different  image  coding  techniques  (for 
a  detailed  overview,  see  Ref  5).  Com¬ 
pression  can  be  lossless  or  lossy. 

In  lossless  compression,  the  sym¬ 
bols  can  be  recovered  exactly  (without 
any  loss  of  information).  An  example 
of  the  lossless  compression  technique 
is  Huffman  coding.  The  Huffman  code 
is  a  variable  word  length  code.  In  this 
technique,  code  words  that  occur  more 
frequently  are  assigned  shorter  code 
words  and  code  words  that  occur  infre¬ 
quently  are  assigned  longer  code  words. 

Lossy  compression  does  not  guar¬ 
antee  exact  recovery  of  the  transmitted 
image.  In  other  words,  some  informa¬ 
tion  is  lost.  However,  lossy  compres¬ 
sion  preserves  the  visual  quality  of  the 
image  as  observed  by  the  human  eye. 
Lossy  compression  can  lead  to  com¬ 
pression  by  higher  factors,  whereas 
lossless  compression  leads  to  a  small 
amount  of  compression. 

Examples  of  lossy  compression  tech¬ 
niques  include  transform  coding,  pre¬ 
dictive  coding,  subband  coding,  and 
vector  quantiz.ation.  We  do  not  discuss 
vector  quantization,  since  it  is  not  used 
in  any  of  the  current  standards. 

Transform  encoding/decoding  can  be 
viewed  as  a  simple  harmonic  analyzer/ 
synthesizer.  In  the  transform  coder  (or 
encoder),  each  8x8  block  of  image  pels 
(or  pixels)  are  decomposed  into  64 
spatial  frequency  components  (these 
frequency  components  describe  the 
frequency  spectrum  of  the  block  of  pels). 
Out  of  the  64  spatial  frequencies,  only 
the  lowfrcquencies  contain  most  of  the 
signal  and  these  need  to  be  transmitted 
(after  being  quantized);  the  higher 
frequencies  do  not  contain  any  signal 
information  and  need  not  be  trans¬ 
mitted.  The  transform  decoder  recon¬ 
structs  the  block  of  pels  from  the  trans¬ 
mitted  low-frequency  signal  power 
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information.  Although  many  possible 
basis  functions  lead  to  many  trans¬ 
forms,  the  discrete  cosine  transform 
(DCT)  is  the  most  popular  one  and  is 
always  used  for  video  compression. 

Predictive  coding  transmits  the  dif¬ 
ference  of  the  pel  and  the  predicted 
value  of  the  pel  (based  on  previous 
pels).  This  difference  is  quantized  and 
transmitted. 

In  subband  coding,  the  image  is 
divided  into  several  frequency  bands. 
This  is  related  to  the  DCT  coding  and, 
similar  to  DCT  axling,  the  low  frequency 
bands  contain  most  of  the  signal  energy. 
In  subband  coding,  different  bands  can 
be  quantized  with  different  signal-to- 
noise  ratios  and  different  resources  (i.e., 
with  different  numbers  of  bits).  Some 
bands  need  not  be  transmitted  at  all. 

In  the  ciisc  of  moving  images,  motion 
compensation  becomes  an  important 
issue.  In  the  motion  compensation 
technique,  a  block  of  pels  is  compared 
with  a  neighboring  block  of  pels  from 
the  previous  frame.  If  a  match  is  found 
(to  a  certain  accuracy  using  some  cri¬ 
terion),  then  only  the  motion  vector  is 
transmitted  (as  opposed  to  transmit¬ 
ting  the  entire  block  of  pels). 

The  JPEG  standard  for  still  picture 
transmission  makes  use  of  the  DCT 
transform  coder  followed  by  a  quan¬ 
tizer,  followed  by  an  entropy  coder. 
The  transform  coded  quantized  data 
arc  entropy  coded  to  further  reduce 
the  compression  factor.  The  MPEG 
standard  is  similar  to  the  JPEG  standard, 
with  the  only  difference  being  that 
motion  compensation  is  used  and 
motion  vectors  are  transmitted  in  the 
case  of  a  match.  MPEG  requires  a  bit 
rate  of  about  1.5  Mbits/'s. 

The  video  codec  standard  H.261 
makes  use  of  compic.x  image  compres¬ 
sion  techniques  to  achieve  the  desired 
compression.  It  makes  u.sc  of  predic¬ 
tive  coding,  transform  coding,  motion 
compensation,  and  Huffman  variable 


word  length  coding.  These  compres¬ 
sion  techniques  combined  can  lead  to  a 
compression  ratio  of  100.  The  primary 
application  of  H.261  is  video  telecon¬ 
ferencing  using  the  ISDN  transmission 
channels.  To  get  an  idea  of  the  com¬ 
pression  ratio  needed  for  a  H.261  video 
teleconferencing  system,  let  us  calcu¬ 
late  the  bit  rate  required  for  a  video 
codec  with  6  channels  (i.e.,  it  uses 
6x64  Kbits/s  channels).  For  this  video 
codec,  the  luminance  is  represented  by 
288x360  pels  and  the  two  chrominance 
components  are  represented  by 
144x180  pels,  z^ssuming  a  representa¬ 
tion  of  8  bits/pel,  and  30  frames/s,  the 
total  bit  rate  of  the  uncompressed  data 
is  37  Mbits/s.  To  send  these  data  with 
6x64  Kbits/s  channels,  we  need  a 
compression  ratio  of  100. 

Beyond  these  three  standards,  video 
compression  standards  for  higher  resolu¬ 
tion  signals  are  currently  under  study. 
For  example,  the  CCIR  601  higher 
resolution  video  standard  requires  an 
uncompressed  data  rate  of  10  Mbits/s 
(486  lines,  720  pels/line,  30  frames/s), 
enhanced-definition  TV  (EDTV) 
requires  a  data  rate  of  15  Mbits/s 
(4^  lines,  960  pels/line,  30  frames/s), 
and  high-definition  TV  (HDTV) 
req u ires  a  da  ta  rate  of  40  Mbi  ts/s  ( 1 ,080 
lines,  1,920  pels/line,  30  frames/s).  The 
standards  for  transmi.ssion  of  these 
higher  resolution  signals  will  be  studied 
in  the  future. 

GCT/BELLCORE 
VIDEO  CODEC 

The  GCT/Bcllcore  implementation 
of  the  H.261  codec  is  a  fully  dedicated 
implementation.  The  total  computing 
power  required  for  H.261  encoders  and 
decoders  is  1..35  and  0.5  billion 
operations/s,  respectively,  assuming  a 
frame  rate  of  1 5  frames/s  (Ref  6).  Liou 
and  Fujiw-ara  argue  that  this  computing 
power  can  be  met  by  fully  dedicated 


implementations.  They  argue  that  the 
dedicated  integrated  circuit  approach 
reduces  the  size  of  the  codec  from 
multiple  shelves  to  multiple  boards. 

The  video  codeesystem  consists  of  a 
total  of  14  integrated  circuit  chips  and 
11  different  designs.  The  different 
designs  include 

•  prefilter  and  picture  format  pro¬ 
cessor  chip  (removes  flicker  noise, 
contains  15K  gates  in  a  gate  array 
implementation) 

•  encoding  system  manager  (contains 
294K  transistors)  (Ref  7) 

•  DCT/IDCT  chip  (uses  distributed 
arithmetic,  contains  156K  tran¬ 
sistors)  (Ref  8) 

•  motion  vector  detection  chip  (per¬ 
forms  full  block  matching,  contains 
32K  transistors)  (Ref  9) 

•  uuffer  control  and  quantization 
(contains  83K  transistors) 

•  variable  word  length  encoder  (con¬ 
tains  58K  transistors)  (Ref  10) 

•  forward  error  correction  chip  (con¬ 
tains  28K  gates  in  a  gate  array 
implementation) 

•  variable  word  length  decoder  (con¬ 
tains  40K  transistors)  (Ref  11) 

•  decoding  system  manager  (contains 
60K  transistors)  (Ref  12) 

•  post  filter  (removes  blocking  effect, 
contains  lOK  gates  in  a  gate  array 
design) 

•  picture  format  converter  (converts 
to  NTSC  format,  contains  20K  gates 
in  a  gate  array  implementation) 
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While  the  GCT/Bellcore  approach 
has  demonstrated  the  efficiency  of  a 
dedicated  codec,  it  still  needs  to  be 
further  optimized  for  cost  effective¬ 
ness.  More  aggressive  designs  can  reduce 
the  numberof  chips  further.  Ofcourse, 
like  all  other  systems,  the  cost  will  ini¬ 
tially  be  high  and  will  drop  as  the  sale 
volume  increases. 

NTT  HiPIPE  ARCHITECTURE 

NTT  started  the  NOVI-I  project  in 
1987  tostudy  parallclsignal  processing 
methodologies  (Ref  14).  The  HiPIPE 
system  described  in  Reference  13  is  the 
basis  of  the  NOVI-II  system.  The  HiPIPE 
architecture  addresses  image  coding  and 
transmission  forsupor-high-definition 
(SHD)  images,  which  have  resolution 
superior  to  high-definition  TV.  NTT 
assumes  these  SHD  images  contain  more 
than  2,048  lines  and  more  than  2,048  pels 
per  line.  They  also  assume  each  color 
to  be  represented  by  24  bits  (as  opposed 
to  8  bits  in  standard  HDTV).  Obvi¬ 
ously,  this  aggressive  target  image  aims 
for  future  imaging  systems;  perhaps 
these  will  be  a  reality  10  years  from 
now! 

In  the  last  10  years,  the  program¬ 
mable  digital  signal  processor  (DSP) 
technology  has  improved  dramatically. 
The  achievable  computing  power  has 
increased  fivefold,  from  10  million 
operations  per  second  to  50.  This 
speed  increase  can  handle  the  demands 
of  many  speech  applications  but  not 
for  image.  Video  signal  processors  need 
computing  power  of  the  order  of  10  to 
50  billion  operations  per  second.  NTT 
assumes  that  such  high  computational 
demand  will  he  met  by  video  signal 
processors  containing  many  program¬ 
mable  digital  signal  processors. 

NTT's  multiproces.sor  system  con¬ 
sists  of  128  proces.sors  connected  in  a 
mesh  manner.  Each  prtKCssor  in  HiPIPE 
uses  a  Transputer  T800  communica¬ 
tion  processor.  The  peak  performance 


of  a  T800  is  2.8  million  floating  point 
operations  per  second  (MFLOPS),  and 
the  peak  power  of  HiPIPE  is 
358  MFLOPS.  The  addition  of  a  pipe¬ 
lined  vector  processor  with  a  power  of 
100  MFLOPS  (to  each  processing  ele¬ 
ment)  increased  the  peak  performance 
to  12.8  GFLOPS.  This  computing  power 
is  adequate  to  meet  the  demands  of 
SHD  image  processing.  Fujii  points 
out  that  a  programmable  development 
assist  system  eases  the  task  of  program 
development. 

Fujii  used  the  HiPIPE  system  to 
evaluate  the  performanceofstill  image 
coding  and  low  bit  rate  motion  picture 
coding.  These  image  coding  tasks  con¬ 
tain  a  set  of  regular  operations  (identi¬ 
cal  for  all  blocks)  and  some  irregular 
operations.  The  irregular  operations 
demand  more  efficient  load  balancing. 
NTT  uses  two-dimensional  butterfly 
data  shuffling  to  balance  the  load  when 
irregular  operations  arc  executed 
(Ref  13).  The  final  result  is  that  (with 
data  shuffling)  the  NOVI-II  system 
(based  on  HiPIPE)  is  twice  as  fast  as 
the  Cray-2.  But  one  should  note  that 
the  operations  in  Cray-2  are  double 
precision  operations,  whereas  the 
operations  in  NOVI-II  are  single 
precision  operations.  Therefore,  the 
comparison  is  not  exactly  a  valid  one! 

TTie  longer  term  objectiveof  NTT  is 
to  develop  new  algorithms  for  SHD 
moving  image  coding.  I  assume  NTT 
plans  to  use  this  high  performance  engine 
to  quickly  develop  new  algorithms.  If 
NTT  can  propose  a  new  algorithm  for 
SHD  moving  image  coding,  they  will 
perhaps  be  the  first  to  propose  such 
techniques  at  a  time  when  others  may 
be  addressing  HDTV  coding.  Even  then 
the  programming  of  the  NOVI-II  sys¬ 
tem  needs  to  be  made  easier  with 
advanced  compilers.  These  advanced 
compilers  should  automatically  be  able 
to  carry  out  load  balancing  and  should 
accommodate  efficient  memory  man¬ 
agement.  Although  the  NOVI-II  will 


be  a  very  useful  system  to  develop  new 
image  coding  algorithms  and  in  defin¬ 
ing  standards,  the  final  standard,  I 
believe,  will  need  to  be  implemented 
by  dedicated  circuits. 

NEC’S  HD-VSP  SYSTEM 

NEC  proposes  an  HD-VSP  video 
signal  processor  for  real-time  imple¬ 
mentation  of  HDTV  image  transmis¬ 
sion  systems  (Ref  15).  NEC’s  HD-VSP 
consists  of  eight  VSP  clusters  and  pro¬ 
grammable  time  expansion/compression 
units,  and  each  cluster  contains  16 
processing  elements.  The  total  com¬ 
puting  power  is  2.5  billion  operations 
per  second. 

The  HD-VSP  achieves  its  computa¬ 
tional  power  from  two  programming 
methodologies,  the  overlap-save  and 
overlap-add.  In  overlap-save,  each 
processor  makes  use  of  data  for  the 
subregion  which  it  needs  to  process  as 
well  as  data  from  some  neighboring 
subregions  (this  eliminates  any  com¬ 
munication  requirement).  In  the 
overlap-add  methodology,  the 
subimages  produced  by  individual  pro¬ 
cessors  are  expanded  across  their  sub- 
regions  to  overlap  with  neighboring 
subimages. 

Each  video  signal  processor  can 
perform  11  million  instructions/s.  In 
each  instruction  cycle,  the  VSP  can 
perform  a  multiply-add  calculation  or 
a  block  matching  operation  (for  motion 
vector  estimation  for  motion  compen¬ 
sation).  The  computing  power  of  each 
VSP  is  20  million  operations/s  (since 
each  cycle  can  perform  two  to  three 
operations);  therefore,  the  total  power 
of  a  128  video  signal  processor  based 
HD-VSP  is  2.5  biilion  operations/s. 

While  HDTV  coding  can  be  achieved 
with  the  HD-VSP,  a  dedicated  imple¬ 
mentation  would  be  more  efficient  in 
terms  of  space  and  power  (each  VSP  in 
HD-VSP  consumes  12  watts!).  But  a 
dedicated  implementation  cannot  .start 
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intil  a  standard  has  been  defined.  A 
tandard  can  only  be  defined  after  the 
ilgorithm  design  phase  is  complete, 
fhe  algorithm  development  phase  will 
»e  eased  using  the  HD-VSP. 

Efficient  compiler  design  for  the 
-ID-VSP  is  another  important  task.  In 
his  context,  Nishitani’s  group  at  NEC 
las  already  done  some  useful  work  in 
»mpiling  signal  processing  algorithms 
or  programmable  DSPs  (Ref  16).  But 
ixtending  these  ideas  to  HD-VSP  is 
lot  a  trivial  task  and  needs  to  be 
iddressed. 

CONCLUSION 

The  dedicated  integrated  circuit 
approach  by  GCT/Bellcore  was  feasible 
aniy  because  the  standard  for  video 
codec  had  become  available.  This 
implementation  (after  some  more  design 
improvements)  will  become  cost  effec¬ 
tive.  This  video  codec  will  be  the  basis 
of  video  phones  and  video  conferenc¬ 
ing  applications  (using  ISDN  channels). 

On  the  other  hand,  HiPlPE  and 
HD-VSP  are  both  very  useful  systems 
in  terms  of  program  and  system  devel¬ 
opment  for  defining  algorithms  and 
standards  for  HDTV  and  super  HDTV 
moving  picture  transmission.  Without 
such  aggressive  programmable  .systems, 
the  algorithm  design  and  standardiza¬ 
tion  phase  would  take  years!  After 
HDTV  and  super  HDTV  standards  are 
available,  dedicated  circuits  will  again 
make  VLSI  implementations  cost  effec¬ 
tive;  these  circuits  will  require  Ic.ss  sili¬ 
con  area  and  will  consume  less  power. 
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Marine  biotechnology  1-085, 1-126,  3-009 
Marine  vertebrates  1-O90 

Masks  1-080 


Massive  parallelism  2-033, 2-041 , 2-047 

Materials  proc  2ssing 

1-083 

Mecha>  i  engineering 

3-006 

Microelectrodes 

3-104 

Micromachines 

4-002 

Industrial 

4-003 

Medical 

4-003 

Microprocessors 

3-014 

Microwave  devices 

2-105 

Migration  enhanced  epitaxy 

4-086 

MIMDizer  environment 

1-062 

MITI  computer  program  plans 

2-003 

Molecular  beam  epitaxy 

4-086 

Molecular  recognition 

3-104 

Motion  compensation 

4-095 

Multiprocessors  1-001, 1-039, 3-001 

MUSTARD 

3-002 

Natural  products 

1-087 

NEC’s  SX  series 

2-064 

Neural  computing 

1-038, 1-076 

Neural  networks  1-038, 1-043, 1-075, 2-041, 

3-070, 4-020 

Neural  transmission 

1-101 

New  Information  Processing  Technology 
program  2-031,2-045,3-005,3-034 

Nonlinear  optimization  1-053 

NTT  Science  Forum  Program  4-005 

Nuclear  magnetic  resonance  3-106 

Nuclear  science  4-059 

Numerical  optimization  4-026 

Numerical  techniques  for  granular  flow  4-066 
Object-oriented  databases  3-046, 3-060 

Oceanographic  collaboration  2-092, 2-093 
Oceanographic  research  vessels  2-091, 2-094 
Oceanography  2-091, 2-093, 2-097, 4-075 
Ocean  technology  1-121,1-125,1-129 

Ocean  thermal  energy  conversion  1-126 
Operating  systems  3-011 

Optical  communication  1-038 

Optical  computers  1-038 

Optical  computing  1-037,  2-033, 2-050 

Optical  devices  1-039 

Optical  digital  computing  2-038 

Optical  interconnects  2-038 

Optical  neural  computing  2-038 

Optimal  mesh  to  hypcrcubc  mapping  2-025 
Optoelectronics  3-084,  3-085, 3-087, 

4-019, 4-023 

Ordering  4-082 

Organometallic  vapor  phase  epitaxy  4-085 
Parallel  algorithms  1-059 

Parallel  computing/processing  1-001, 1-038, 
1-061,1-075,2-001,2-009 
Parallel  inference  machines  3-032, 3-045 
Parallel  processing  3-003, 3-005,  3-028, 3-031, 
3-038. 3-043,  3-049,  4-021, 


4  032, 4-041,  4-048. 4-093, 4-096 
Parallel  programming  languages  3-033,  3-045, 

3-050 

Partial  differential  equations  1-007, 1-059 


People’s  Republic  of  China  4-017, 4-025 
Piezoelectric  ceramics  3-099 

Pipelining  3-039 

Planktonic  plants  1-089 

Polyelectrolytes  3-105 

Polymer  recycling  3-103 

Polymers  3-103, 3-109 

Polyphosphazenes  3-112 

Polysilanes  3-109 

Predictive  coding  4-095 

Probably  approximately  correct  model  2-020 
Prolog  3-032 

Pseudobinaty  semiconductors  4-081 

Qualitative  modeling  of  domains 
and  tasks  2-054 

Quantum  chromodynamics  3-028 

Quantum  magnetic  flux  3-038 

Radar  1-130 

Radiation  mechanism  4-070 

Radiometers  1-130 

Real  time  operating  system 
nucleus  (TRON)  3-011 

Relaxor  ceramics  3-097 

Resist  1-081 

Robots  2-004, 2-082, 3-070, 4-022 

Satellite  remote  sensing  1-129 

Saturation  diving  3-115, 3-125 

Scientific  databases  1-066 

See-through  helmet-mounted  display  4-044 
Seismogenic  electromagnetic  emissions  4-069 
Semiconductors  3-083, 3-084, 3-085, 

3-086, 3-087 

“Sensible”  sensors  4-034 

Sentaxy  3-082 

Sequential  inference  machine  3-032 

Sequential  quadratic  programming  1-053 
Shape  forming  3  004 

Shared  memory  multiprocessing  3-001,  3-002 
Silicon  technology  3-085 

Silver/bismuth  wire  2-102,2-110 

Singapore  3-053 

Single  crystal  growth  2-112 

Sixth  generation  project  3-005, 3-070 

Slurries  3-004 

Software  1-007, 1-021, 1-059, 1-070,  2-068, 
3-021, 4-022, 4-031, 4-048 
Software  visualization  4-044, 4-063 

Spatial  information  systems  4-063 

Speech  recognition  system  4-020 

SPICE  1-024 

SQUID  1-102,2-099,2-113 

Steel  making  2-015,  2-087 

Subband  coding  4-095 

Submarine  rescue  3-127 

Submarine  rescue  ship  3-125 

Supercomputing  1-001, 1-059, 2-010, 2-028, 

2- 057,  2-059, 3-043, 

3- 062,4-021,4-048 

Superconductivity  2-099, 2-109 

Superlattices  4-087 
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Superplasticity 

3-092 

Surface  processes 

4-086 

Fuzzy  Technology  Business 

Kyushu  University 

1-051,3-091 

Symplectic  integration 

4-001,  4-032 

Promotion  Center 

3-075 

Laboratory  for  International 

Synchrotron 

1-079 

German  National  Research  Center 

Fuzzy  Engineering  Research 

1-076,  3-069 

Synthesis  of  new  polymers 

3-106 

for  Computer  Science 

1-055 

Marine  Biotechnology  Institute 

1-087, 1-088 

Taiwan 

2-023 

Government  Industrial  Research 

Matsushita  Electric  Co. 

2-109 

Thin  film  diamond 

3-086 

Institute,  Nagoya 

3-092 

Matsushita  Electric  Work-s, 

Thin  films 

2-104, 2-109 

Griffith  University,  Australia 

4-059 

Hikone  Plant 

1-030 

Three-dimensional  image  sensor 

4-034 

Hitachi 

Matsushita  Research  Laboratory 

3-085 

Three  terminal  device 

2-111 

Advanced  Research  Laboratory 

1-070 

Mie  University 

1-088 

Topographic  mapping 

1-102 

Central  Research  Laboratory 

1-070, 

Mitsubishi  Electric  Corp. 

Transcranial  pulsed  magnetic 

1-077,  3-084,4-091 

Central  Research  Laboratory 

4-040 

stimulation 

1-106 

Design  Research  Laboratory 

1-073 

Consumer  Lifestyle  System 

Transform  encoding/decoding 

4-094 

Energy  Research  Laboratory 

1-073 

Research  Laboratory 

4-041 

Transport  properties 

4-084 

Hitachi  Research  Laboratory 

1-072 

Electro  Information  Research 

Undersea  medicine 

3-115 

Mechanical  Engineering 

Laboratory 

4-041 

Unix  2-068, 3-002,  3-029, 3-062 

Research  Laboratory 

1-073 

LSI  Research  Laboratory 

4-042 

Video  codec  system 

4-095 

Microelectronics  Machinery  and 

Mitsubishi  Heavy  Industries, 

Video  conferencing  system 

4-045 

Instrument  Development 

Kobe  Shipyard 

1-033,  2-110 

Video  signal  processors 

4-093 

Research  Laboratory 

1-073 

National  Computer  Center,  Taiwan  2-029 

Virtual  holography 

4-044 

Production  Technology  Research 

National  Tsing  Hua  University,  Taiwan  2-027 

Virtual  physical  space  simulator 

4-045 

Laboratory 

1-073 

National  University  of  Singapore 

3-059 

Virtual  reality 

4-043 

System  Development  Research 

NEC 

1-002 

VLSI 

4-093 

Laboratory  1-073, 1-077 

C&C  Systems  Research 

Volcanic  eruptions 

4-069 

Hong  Kong  Polytechnic 

4-010 

Laboratories 

1-021 

Water  jet  cutting 

2-086 

Hong  Kong  University  of  Science 

Central  Research 

Weather  forecasting 

4-011 

&  Technology 

4-009 

Laboratories 

1-077, 3-084 

Weather  prediction  programs 

4-065 

Hosei  University 

3-072 

Fundamental  Research 

Welding 

1-083,  2-081 

IBM  Japan  Yasu  Plant 

1-030 

Laboratory 

3-086, 4-090 

Whisker  growth 

4-091 

Information  Technology 

NHK  Science  and  Technology 

X-ray  lithography 

1-079,  3-083 

Institute,  Singapore 

3-058 

Resea'^ch  Laboratories 

1-075 

Institute  for  Information 

Nippon  Steel  Corp.  R&D 
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2-029 

Laboratories  II 

2-082 
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Institute  for  New  Generation 

Noto  Marine  Laboratory, 

Computer  Technology 

3-045 

Kanazawa  University 

1-086 

Adelaide  Technology  Park 

Institute  of  Information  Science 

NTT 

1-075,2-112 

&  MFP,  Australia 

4-067 

&  Engineering,  Australia 

4-061 

Basic  Research  laboratories 

4-089 

ATR  Laboratory 

4-045 

Institute  of  Statistical  Mathematics 

1-053 

R&D  Center 

3-083 

Australian  National  University 

4-052 

Institute  of  Systems  Science,  Singapore 

3-060 

Oki  Research  Laboratory 

3-085 

Australian  Nuclear  Science 

International  Superconductivity 

Omron  Corp. 

3-075 

&  Technology  Organization 

4-059 

Technology  Center,  Superconducting 

Optoelectronics  Technology 

Canon  Research  Laboratory 

3-082 

Research  Laboratory 

2-111 

Research  Laboratory 

3-087, 4-090 

Center  for  Information  Science 

Japan  Marine  Science  and 

Osaka  University  2-109, 3-046,  3-092 

Research,  Australia 

4-053 

Technology  Center  1-086,1-088 

Department  of  Welding  and 

Center  for  Information  Technology 

Kanagawa  Science  Park 

1-004 

Production  Engineering 

2-084 

Research,  Australia 

4-059 

Kawasaki  Heavy  Industries, 

Welding  Research  Institute 

2-084 

Collaborative  Information  Technology 

Akashi  Technical  Institute 

2-086 

Pohang  Institute  of  Science 

Research  Institute,  Australia 

4-058 

Kitasatn  University  School  of  Fisheries 

1-087 

and  Technology  (POSTECI  I) 

2-008 

Commonwealth  Scientific  &  Industrial 

Kobe  Steel,  Ltd. 

Queensland  University  of 

Research  Organization, 

Fujisawa  Plant 

2-083 

Technology,  Australia 

4-058 

Australia 

4-060,  4-075 

Seishin  Industrial  Park 

2-085 

Republic  of  Korea  Navy  Ocean  and 

Computing  Center,  Academy 

Korea  Advanced  Institute  of 

Underwater  Medical  Research 

of  Science 

4-031 

Science  and  Technology  (KAIST) 

2-011 

and  Training  Center 

1-115 

Electrotechnical  Laboratory 

1-077,  7-001, 

Korea  Institute  of  Science  and 

Research  Institute  of  Industrial  Science 

2-113,  3-043 

Technology  (KIST) 

2-010 

and  Technology  (REST).  Korea 

2-087 

Fudan  University,  Shanghai 

4-029 

Korea  Standards  Research 

Royal  Observatory,  I  long  Kong 

4-011 

Fujitsu  1-001,1-076,2-111 

Institute  (KSRI) 

2-011 

Sharp  Central  Research  Laboratoty  3-086 

Fujitsu  Laboratories 

3-082 

Kyoto  University  1  -052,  4-092 

Signal  Processing  Research 

Fuzzy  Logic  Systems  Institute 

3-070 

Laboratory  of  Microbiology 

1-088 

Institute,  Australia 

1-06? 
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Singapore  Institute  of  Standards 
and  Industrial  Research  3-061 

Singapore  Technology  Corp.  3  062 

Sugashima  Marine  Laboratory, 

Nagc^a  University  1-086 

Sumitomo  Electric  1-031, 2-110 

Sumitomo  Research  Laboratory  3-086 

Superconducting  Sensor  Laboratory  2-113 

Tohoku  University  1-131, 3-094 

Tokai  University  1-131 

Tokyo  Institute  of  Technology  3-071 

Tokyo  University  of  Agriculture 
and  Technology  3-093 

Tokyo  U  niversity  of  Fisheries  1  -088 

Toshiba 

CAE  Systems  1-021 

Central  Research  Laboratory  3-084 

Toyama  University  3-094 

Toyohashi  University  of  Technology  1-111 

Undersea  Medical  Center  3-llS 

University  of  Hong  Kong  4-008 

University  of  Osaka  Prefecture  3-092 

University  of  the  Ryukyus  1-088 

University  of  Tokyo  1-076, 3-006, 3-093 

Misaki  Marine  Station  1-086 

Laboratory  of  Marine  Biochemistry  1-087 
Ocean  Research  Institute  1-087 

Research  Center  for  Advanced 
Science  and  Technology  2-111 

VR  Laboratory  4-043 

University  of  Tsukuba  4-089 

Yokoliama  National  University  3-093 
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